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A PROGRESS REPORT

AT THE
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DAKOTA
BROOKINGS, SOUTH

•
6UIT(

•
QsST(A

Figure 1. Location of the three main substations of the Agricultural Experiment Station.
Experimental work is being carried on at the other locations marked on the map.

Figure 2. Superintendent Frank Whetzal and family.
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Figure 3. Diagram of the farm and the experimental plots at the Range Field Station.

1953 I became superintendent of your Hange Field
Inumber
Station. But the story of this Station goes back a
of years and I feel that you will want to hear it.
N

The station had its beginning in 1907 when the State Legislature author
ized the use of a section of land for agricultural experimental use in what is
now Jackson County. It is located 2 miles east of Cottonwood on U. S.
Highway 14.
In 1937 the South Dakota State 640 acres, part of which is suitable
College Agricultural Experiment for soil and crops research and the
Station published bulletin 312, rest for range research. This Station
"Twenty-One Years of Crop Yields typifies a vast area of rangeland in
from Cottonwood Exper i m e n t the western half of the State.
Farm." It presented 21 years of
The Experiment Station staff, in
crop yields at your Hange Field Sta cooperation with a Field Station
tion. Up to 1940 the experimental Council which is made up of ranch
work concerned mostly crop re ers in the western part of the State,
search-soil management, crop va has clearly outlined the research to
riety trials, crop rotation.
be done. My job is to carry out the
Since then work on livestock has research program as outlined.
been added. Bulletin 412, "Cows,
Each year the station holds a
Calves, and Grass," ,vas published field day when research work is
in 1951. A year later bulletin 419, looked over and discussed by farm
"\iVintering Beef Cows on South ers and stockmen. These field days
Dakota Hanges," was published. have brought about more interest
These bulletins summarize the re in range research and have revealed
search on grazing and wintering additional research problems.
beef cows at the Station.
As your superintendent I'cl like to
The Secretary of the U. S. De say, on behalf of my co-workers
partment of Agriculture entered here and at State College and my
into an agreement with South Da self, that you are welcome to visit
kota State College in 1940. Through the station any time. ·we'll be glad
this agreement 2,000 acres of fed to show and explain to you the re
erally-owned land that adjoined search in progress and help with
the original section were set over any production problems you may
for range research by the Experi have. If you can't make a special
ment Station.
trip, why not get together with your
Title to this federally-owned neighbors and take in our annual
tract was given to South Dakota field clay? ·we'll be looking forward
State College in 1954. Now the to seeing you.
Hange Field Station consists of 2,FRANK \iVr-IETZAL, Superintendent
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west of the Missouri H.iver, may be divided into three
Splateaus,
distinct regions. The most northerly of these is a series of benches,
and isolated buttes underlain by both sandstone and shale. These
OUTH DAKOTA,

soils range from sandy loams to clays but are predominantly loamy.
The most southerly region is a series of plateaus and broad benches
underlain by silty, sandy, and clayey strata. These soils range from very
sandy on the Nebraska border to silty and clayey at the southern tributaries
of the White H.iver.
Between the two just described the rivers in them pursue meander
lies the third region. This is the re i n g courses. Cottonwood trees
gion of the State represented by the flourish in the stream channels.
The H.ange Field Station is locat
Cottonwood H.ange Field Station. It
is called the Pierre hills and is un ed on the southern edge of the cen
derlain by shaly strata which tral Pierre hills region. The Bad
weather to dark clayey soils that H.iver trench with its flood plains
are sticky when wet. These shaly and terraces makes up the northern
strata do not form benches and fourth of the Station. The remaining
plateaus like the younger strata to three-fourths is an upland network
the north and south. H.ather, they of smooth rounded hills with gently
are reduced by weathering to a ser to steeply sloping valley sides.
ies of smooth grassy hills and ridges
Climate of the H.ange Field Sta
with convex tops.
tion is dry with an annual precipi
In the central region the major tation of about 15 inches. About 60
rivers, and the other two as well, percent of this precipitation falls in
Bow east. Stream valleys are en April, May, June, and July, with
trenched several hundred feet and i\fay nornrnlly the wettest month.
6
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There are extremes of summer heat
and winter cold, and rapid changes
of temperature. Although the aver
age precipitation of 15 inches is suf
ficient for successful ranching and
farming, the average is not always
dependable. The risk of drought is
always present.
The native vegetation of these
dominantly clayey soils is mostly
western wheatgrass.
Parent materials of the soils of
the Range Field Station are shale or
materials weathered from shale.
The soils of the upland area of the
Station, except for the narrow valley
floors, are derived from a dark gray,
non-calcareous shale. The soils on
the stream bottom and terraces of

7

the Bad River lowland and valley
floors of the upland are developed
from clayey sediments weathered
from shale and redeposited by
water.
Distribution of the soils of the
Range Field Station is shown on the
accompanying soils map, figure 4.
The characteristics and qualities of
the mapped soils are shown in table
1. Generally speaking, the soils of
the Station can be divided into three
groups: ( 1) soils of the uplands,
( 2) soils of terraces, and ( 3) soils
of the stream bottoms. Soils num
bered 1, IA, 2, 3, 4, 5, 6, and 7 occur
in upland positions, the terrace soil
present is number 8, and numbers 9
and 10 are stream bottom soils.

Soil Fertility
Proper management of soil fer
tility is important throughout South
Dakota. It is not unique for just
eastern South Dakota. ·western
South Dakota soils also respond to
good fertility management. The
changes in the fertility status of the
western soils may not be as rapid as
in more humid areas of the State;
nevertheless, they are taking place
at a slow but steady pace.
Soil investigations were begun in
1907 at the Range Field Station at
Cottonwood to study problems per
tinent to some of the heavy clay
soils found in the central part of
western South Dakota. Fundamen
tal \ovork in soils research was done
in those early years.
The State Legislature cut the ap
propriations for this work so sharp-

ly in the early thirties that most of
the early investigations had to be
discontinued. Results of the experi
ments to that time are published in
two South Dakota Agricultural Ex
periment Station publications-bul
letin 312, "Twenty-one Years of
Crop Yields from Cottonwood Ex
periment Farm," 1937 and bulletin
325, "Thirty Years of Soil Fertility
Investigations in South Dakota,"
1938.
Soils research reviewed in this
publication concerns investigations
that have been conducted since
1948 when more funds and land
were obtained for research at the
Range Field Station. Soil investiga
tions to be discussed involve four
main phases: ( 1) rotation experi
ments, ( 2) residual effect of nitro-

c.,

Table I. Characteristics and Qualities of the Soils at Cottonwood
Topographic
Position

Field
Number

IA

u pland -steep
,·a l l e)' sides

2
3

Effective
Depth

Surface Soil

Texture
of Subsoil

-l- 1 2

cxces:-i,·e

shal low

silty clay

,ilty clay

,low

slow

friable
Pierre Shale

1 8-35

cxcc:-..s1,·e

:-ha\ low

silty clay

,ilty clay

:-..low

slow

friable
Pierre Shale

(Percen t )

u plandbelow ridge

6 -9

u plandbelow ridge

2-8

u pl:ind-

below ridge

5

Nntural
Dra in:1gc

Slope Mapped

upland-ridges

u plandbelow ridge

-l - 1 -l
1 -8

col luviala l l u ,·i,i l

2-'i

local :i l l u ,·i,lln
in small d rains

2

6

-

-

-

Kind of
Underlying

-

Texture o[

Permeability Permeability
o f Substratum
of Subsoil

Material

CXCCSSIVC

modcr:1tcly

deep

sandy clay
loam

s;H1c.ly cby
l < ,am

moderately
:,,.Jow

:-low

to wel l
well to
cxccs:,i vc

moderately
deep

sandy clay
loam

sandy clay
loam

moderately
slow

slow

friable
Pierre Shale

CX(CS:,l\"C

moderately
deep

silty clay

silty clav

slow

slow

friable
Pierre Shale

moderately
deep

silty cl:iy

to well
well

silty cla,·

slow

slow

friable
Pierre Shale

friable
Pierre Shale

i m perfect

moderately
deep to
shal low

silty clay
loam

silty clay

slow

slow

local a l l u vium
and friable
Pierre Shale

imperfect
occasional
< J\·crAow

deep

silty clay

,ilty clav

�low

�luw

lrn.:al a l l u v i u m

oi:i.::;1 sional
o,·erflow

Depth of
Carbonate
Leach ing

- ,,

0-)

0 - ) ,,
_ ,,

0 -)

Classification

-

of Soil
-

Chestnut
Rcgc1sol
Chestnut
-

1 5-20 "
0

- 11
-)

1 5 - 20"
G- 1 2 "

0 - 1 O"

-

Chestnut
Rcgosol

--

Chestnut

Che,tnut

Chestnut

,olod izcd
Solonctz
All uvium

�
...,
;::;�
,,...
<::,
�

�-

...

�

g·

0

3

§"

°'

......
......

8

terrace

1 -8

wel l

deep

silty clav

�il t�· cby

�low

slow

cLl\· a l l u v i u m

0·5 "

9

str('am bottom

1 -3

i m perfect

moderately
deep to
,hallow

silty clay
loam

,i l t,· clay

:-low

:,,Jow

clay a l l u v iu m

0-5

10

strc,1111 bottom

I

i m perfect

deep

silty clay

:,, i l t y clay

�low

�low

cla)' a l l u v i u m

0 -5 "

"

Chestn u t
!'lt 1lndizcd
Solonetz
A l l u vium
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Figure 4. SoiJs map of the Range Field Station at Cottonwood.

Explanation of Symbol
Example of Symbol :

5
8-1
where 5 is the soil number, 8 is t h e slope ( in percent ) , a n d l is the erosion
( I -slight, 2-moderate, 3-severe ) .
See table I for soil characteristics
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gen fertilizer, ( 3 ) effect of commer
cial fertilizer on yield of crested
wheatgrass seed and forage, and
( 4 ) effect of fe1tilizer on yield of
native grass forage.
Importance of Rotations
The value of using a crop rota
tion compared to continuous crop
ping is generally not much disput
ed. The word "rotation," ho'vvever,
raises the question-what rotation is
best? In 1948 a rotation experiment
was started at the Station on new
land that was acquired shortly be
fore that time. The experiment was
not in full progress until 1949;
therefore, the following discussion
will concern data obtained from
1949 to 1954.
Rotations being compared were :
( 1 ) sorghum-wheat-barley, ( 2 ) fal
low-wheat-barley, and ( 3 ) sweet
clover fallow-wheat-barley. T h e
term of each rotation was 3 years.
The first two rotations were in prog
ress for the entire period. The sweet
clover fallow-wheat-barley rotation
was in operation for only 2 years,
1953 and 1954. Previous to that time
it was a sweet clover fallow-fallow
wheat rotation. In rotation 3 the
sweet clover was planted in the bar
ley, plowed under the following
June and fallowed the remainder of
the season.
Treatments within the rotation
experiment included use of com-

mercial fertilizers a n cl manure.
Commercial fertilizers, when used,
were broadcast at 20 pounds each
of nitrogen and phosphorus pent
oxide to the acre before the wheat
and barley crops. These rates were
used since 1953. Previous to 1953,
nitrogen was applied at 15 pounds
an acre and the phosphate plots got
22 pounds of available phosphorus
pentoxide to the acre. Hereafter,
pounds phosphorus will actually
mean pounds available phosphorus
pentoxide. Manure was applied at
6 tons to the acre once in the rota
tion-just before the sorghum crop
or fallow.
\iVheat is the most important crop
in the Cottonwood area. It is, there
fore, placed in the most favorable
position in the rotation experiment,
following either sorghum, fallow, or
sweet clover fallow. The advantage
of fallow over sorghum on wheat
yields varied from year to year ( ta
ble 2 ) . There was no advantage in
1950 or 1953. In the other 4 years,
however, fallow did increase the
yield of wheat. The extreme differ
ence in 1954 was because the seed
bed was more moist after fallow
than after sorghum, therefore bet
ter stands resulted following the
fallow operation.
Averages for the 6-year period
show that 5.6 bushels more wheat to
the acre yearly were produced after
fallow than after sorghum. One

Table 2. Effect of Rotation on Yield of Wheat
Yield in Bushels per Acre

19·19

1950

1951

19;2

1953

1954

Surghu m-wheat-barley ·····------------·-- 8.6
Fallow-whcat-ba rley ··········-------------- 1 0.0
Sw. Cl. fallow-wheat-barley ............ ·1 2.0

15.3
1 4.7

25.0
39.4
3 8.6

9.9
1 7.6
1 5 .0

26.l
23.7
23.4

1 5.3
9.9

Rotation

1 4.4

1 .8

Average

l ·l.5
20.J
20.3

Prog ress i11 A gricultrffal Researcb
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Table 3. Effect of Rotation on Yield of Barley
1949

1950

Sorghum-wheat-barley -------------------- 1 5 . 6
Fallow-wheat-barley ---·-------------------- 1 3 .7
Sw. Cl. Fallow-wheat-barley ---·------

12.5
1 3 .4

Roca1ion

should not forget that an entire crop
year is lost under a fallow system.
The value of a row crop must be
considered before fallow is substi
tuted for a row crop such as sor
ghum. For instance in 1951 and
1953 when yields of sorghum were
taken, an average of 735 pounds
seed and 4,450 pounds forage were
removed from each acre.
In most years the value of the
sorghum crop will more than com
pensate for the 5.6 bushel increase
of wheat following fallow. A live
stock system of farming in contrast
to a small grain system of farming
is, however, necessary to utilize the
sorghum. Due to poor stands and
drought no sorghum yield results
were obtained in 1952 and 1954.
Yields of wheat in the sweet clo
ver fallow rotation were no higher
than in the ordinary fallow rotation.
Wheat yielded approximately 20
bushels to the acre in the two fal
low rotations, sweet clover fallow,
and ordinary fallow. That picture
will likely change after the soil has
been cropped a number of years.
Barley followed wheat in all the
rotations. It made little difference
in the yield of barley whether the
preceding crop, wheat, followed
fallow or sorghum. The .9 bushel
average yield of barley in favor of
the fallow operation could be due
to experimental error ( table 3 ) .

Yield in Bushels per Acre

1951

1952

1953

1954

3 1 .U

1 5.U

26.1
30.7
26.0

2.3

3 1 .2

H.3

4.4

A,·cragc

1 7 .I

1 8.0

2.1

In addition to testing rotation ef
fects, benefits of fertilizers are also
being examined at the Range Field
Station. There was no important in
crease in yield of wheat from any of
the fertilizer treatments, whether
fallow or sorghum preceded the
wheat ( table 4 ) . Use of fallow and
a row crop acted as agents in con
serving moisture. These practices
also stimulated nitrogen release in
an available form from organic mat
ter. The data show a depression in
yield of 1 to 2 bushels due to appli-
cation o f commercial nitrogen
where it was used in the fallow ro
tation. This may be a true differ
ence or it may be due to experi
mental error. In general, it appears
that under good management, the
crop that follows either a row crop
or fallow needs no fertilizer in the
Cottonwood area at present.
Barley followed wheat in all
three rotations. In the sorghum
wheat-barley rotation, 20 pounds of
nitrogen increased the yield of bar
ley an average of 5 bushels to the
acre ( table 5 ) . Use of 20 pounds
phosphorus with the nitrogen had
no additional effect. The differences
were generally more marked in the
good small grain years, such as 1951.
Little effect was apparent in 1950, a
d ry year. The extremely low yields
in 1954 were mainly due to a poor
stand. The seedbed was dry, and no

So111b Dakota Experi111e11t Station Circ11/ar 116
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Table 4. Effect of Fertilizer Treatment on Yield of Wheat
Rotation and
Trc:itmcnt

Yield in Bushels per Acre
1 949

Sorghum-wheat-barley rotation
Check -------------------------------------------

8.4
7.8
0-20-0· -------------------·
20-0-0 ----------------- --------------·----------- 1 0.9
2 0-20-0 ------------------------------------------ 1 2.2
G T. Manure ------------- ·------------------ 5 .3
0-20-U plus 6 T. Manure ------------ 6.9

Fa How-wheat-barley rotation
Check ------------------------ --------------------

0-20-0 -------------------------------------------20-0-0 ---------------- --- -----------------------20-20-0 -----------------------------------------G T. Manure -------------------- -----------0-20-0 plus 6 T. Manure ------ -----

8.0
1 3 .7
1 6.2
I I .5
5 .4
5 .3

0-20-0

1 2 .3

Sw. Cl. Fallow-wheat-barley rotation
Check -------------------------------------------- l 1 .7
--------------------------------------------

1 954

A vcrngc

1 950

195 1

1 952

1 953

15.1
1 4 .7
1 6.2
13.J
1 5 .9
1 7 .0

23.6
28.9
2 1 .7
20.4
28.3
26.8

8.8
9.2
1 2 .0
9.8
9.2
l U.6

2 6.8
25.8
22.2
24.4
29.IJ
2 8 .5

2 .3
1 .7
2.1
1 .9
1 .2
1 .4

1 4 .2
1 4 .7
1 4 .2
] 3 .6
1 4 .H
1 5 .2

l4.1
I 4.5
l 1 .7
1 1 .3
1 8.2
1 8.2

37.8
4 1 .3
3 5 .8
3 4 .3
43.3
43.9

22.6
I 5.5
1 4 .8
1 4 .9
1 9.0
I 8.i

23.3
2U.2
20.0
1 9 .6
3 1 .5
27.G

1 4 .3
1 7.2
1 4.4
1 4 .2
1 4.0
J 7. 4

20.0
20.4
1 8.8
1 7.7
2 1 .9
2 1 .9

1 4.4
1 4.3

3 6.5
40.7

1 5.5
1 4.5

2 2 .2
24 .5

I 0.4
9.i

19.H
20.7

*The first figure refers 10 pounds o f nitrogen, t h e second t o pounds phosphorous pcnlOxidc, t h e third t o pounds
putassium oxide applied per acre.

rain fell until the latter part of May.
The barley that germinated at that
time was injured severely by heat
and drought in July.
In the fallow-wheat-barley rota
tion the need for nitrogen on barley
was not quite as great as in the sor
ghum-wheat-barley rotation. How
ever, approximately 4 bushels more
barley were produced on the ferti
lized plots than on the check plots.
Again, the effect was from nitrogen
and not phosphorus. The substitu
tion of manure for nitrogen in the
sorghum-wheat-barley rotation did
not prove to have any advantage.
The data however do show that ma
nure compared favorably with com
mercial nitrogen in the fallow
wheat-barley rotation.
Fertilizer May Have
Residual Effect
The residual or lasting effect of
fe1tilizer is an important factor in
western South Dakota. In some

years the moisture supply is too
limited for fertilizer to increase
crop yields. If, however, some of
the fertilizer in the soil remains in
an available form for succeeding
crops, the effect is not lost but post
poned. An experiment at Cotton
wood has demonstrated this resi
dual effect. This experiment was
cropped to winter wheat, barley,
and spring wheat in that order from
1950 to 1952. Various rates of nitro
gen were applied to that acreage in
the fall of 1949 ( table 6) .
At Cottonwood, 1950 was an un
favorable crop year, 1951 was
above average, and 1952 was aver
age. The fertilizer had little effect
on the winter wheat in 1950. There
was a small increase, however
about 3 bushels for the higher rates.
On the other hand, there was a defi
nite effect from the fertilizer on bar
ley in 1951. Nearly 20 bushels of
barley resulted from the 140 pounds
of nitrogen that was applied for the

13
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Table 5. Yields of Barley as Affected by Fertilizer Treatment
Rotation and
Treatmen t

Yield in Bushel� per Acre

1949

Sorghum-wheat-barley rotation
Check ----------------------------------------- --- 1 5 .8
0-20-0* -------- -------------------- -------------- 1 4 .2
20-0-0 -------------------------------------------- 1 7.G
20-20-0 ---------------------- ------------------- 1 8.8
6 T. Manure -------------------------------- l 3.5
0-20-0 plus 6 T. M a n u re -------- ---- 1 3 .8
Fallow-wheat-barley rotation
Check ------------------------ ------------------- 1 1 .7
0-20-0 -----------------------------------· -------- 1 4.2
20-0-0 ----------------------------- --- ------------ 1 7 .9
20-20-0 -----------------------------·------------ 1 4 .2
6 T. Manure -----·-----·-------------------- 1 2 .5
0-20-0 plus 6 T. Manure ------------ 1 1 .9
Sw. Cl. Fallow-wheat-barley rotation
Check ---------------------·-- -------·-----------0-20-0 -------------------·------------------------

1 950

1951

1952

1953

1 954

1 2.0
l 2.5
1 2 .9
1 2 .7
1 3 .2
1 1 .8

25.8
2 6.0
42.5
36.9
27.7
27.l

1 4 .3
1 0.0
1 8. 1
2 2 .7
1 4 .7
I 0.7

24.0
22.3
29.2
29. 1
28.2
23.8

2.u
1 .2
3.7
3.2

1 4.4
1 7.2
1 5.6

20.5
22.3
45.4
40.2
30.0
28.G

l 4 .2
B.8
1 0.8
1 4 .G
15.1
1 7.2

28.2
2 7 .5
29.5
28.4
36.7
34. 1

4.4
3.6
0.8
3.7

2 2.8
29. 1

2.6
1 .6

J O. I

1 2 .2
1 1 .U

1 .3

2.1

9.0

5 .0

Average

1 5 .7
1 4 .4
20.7
2 0.6
1 6.4
1 4 .8
1 5.6
1 6.4
20.0
1 8 .5
1 9.3
1 8.0

•sec foolnotc in table 4.

Table 6. The Residual Effect of Fertilizer

Treatment*

Yield in Bushels per Acre
Spring
Winter
Wheat
Barley
Wheat

( 1950)

0-0-0 (check plot) -20-0-0 -----------------------·
60-0-0 ----------------------1 00-0-0 ---------------------·-1 40-0-0 ------------------------

1 0.8
1 1 .6
1 3. 4
1 4 .0
1 4. 1

(195 1 )

( 1 952)

2 8.7
3 l .2
37.0
40.7
47.6

1 3 .2
1 1 .3
1 1 .5
1 3. 1
1 2 .9

" Sec footnote i n table 4.

winter wheat crop in the fall of
1949. There were no noticeable ef
fects in appearance of crop or on
yields for the 1952 spring wheat.
Fertilization of Crested
Wheatgrass
In eastern South Dakota tame
grasses will respond as much or
more to fertilizer than other crops.
An experiment was started at Cot
tonwood in the fall of 1952 to find if
this was also true for western South
Dakota. Fertilizer was applied
broadcast to an old stand of crested
wheatgrass to test fertilizer effect
on both seed and forage yield.

Treatments included 20, 40, and
80 pounds of nitrogen and one
treatment of nitrogen and phos
phorus combined at 40 pounds each
to the acre. Yields of both seed and
forage were taken in 1953 and 1954
and are reported in table 7. Each
figure is an average of four repli
cations.
In the fall of 1953 the plots were
split. One-half of each plot received
a second application of fertilizer at
the same rate as applied the pre
vious year, while the other half re
ceived no fertilizer. The split was
made to study the residual effect of
fertilizer. The 80-pound rate of ni
trogen fertilizer gave by far the
highest yield of seed in both years.
Increase over the check was not
as much in 1954 due to extreme
drought during June, July, and Au
gust. The crop literally burned up.
Forage yields were not affected to
any extent by fe1tilizer in 1953, but
the yields were doubled in 1954 by
the 40- and 80-pound applications

50111/J Dakola Experi111e111 S1a1io11 Circular 116
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Table 7. Yields of Crested Wheatgrass Seed and Forage as Affected by Fertilizer
Yield in Pounds per Acre
Trc:1tmcnt*

\Vhcn
Applied

Seed

Both years ........ 7.9
0-0
!st year only ..., . 7.9
0-0
0-0
Both years ........ 42.8
·
1st year only .... 42.8
00
0-0
Both years ........ 48.7
1 st year only .... 48.7
-JO - 0-0
Both years ........ I 24.4
80- 0-0
80- 0-0
l st year only .... 1 2 4.4
Both years ........ 78.2
40-40-0
40-40-0
1 st year only .... 78.2
L.S.D. at 5 % level
Both years ........ 37.8
1 st year only .... 37.8
0-

0202040-

19;4

19;3
Forage

Seed

Forage

1 10 1
1 10 1
l019
1019
1 029
1 029
1 273
1 2 73
·1 204
1 20 4

1 4.0
1 1 .4
1 9.7
1 3.-l
45.7
1 2 .0
52.0
20.4
39.4
1 2.7

437
487
588
465
93 1
399
1 032
501
872
413

N.S . J·
N.S.

1 6.3
N.S.

186
N.S.

Increase Over Check for
2-Ycar Period
Forage
Seed

4 1 .9
35.6
73.8
40.1
1 55.8
1 24.2
97.0
70.3

44
-79
397
-135
742
211
5 13
54

• Sec footnolc i n table 4.

tNot significam.

of nitrogen. A residual effect from
the fertilizer applied in the fall of
1952 was evident only where 80
pounds of nitrogen had been used.
Six pounds of seed and 50 pounds
of forage were produced by the left
over nitrogen in 1954. Phosphorus
effects on seed and forage yields
were small and not consistent.
If a farmer were able to sell
cleaned seed at 20 cents a pound
and could obtain nitrogen at 15
cents a pound, he would have to get
15 pounds of seed for each 20pound rate of fertilizer that he
would use. If this assumption was
b·ue, all of the rates used in the ex
periment gave profitable returns.
The most economical treatment
was the 80-pound rate that was ap
plied in September 1952. That one
application produced 124 pounds
more seed than the check in the 2year period. If it took 60 pounds of
seed to pay for the fertilizer, tha�
would leave 64 pounds of seed for
increased operations cost and profit.
Increase in quality and quantity of

forage should also be considered,
for the grass can be cut after com
bining and used for a relatively
high protein roughage.
Does It Pay to Fertilize
Nati_ve Grass?
Practically two-thirds of South
Dakota is devoted to growing na
tive grass. This is a sizeable acre
age of grassland, but generally
speaking, grass .can utilize this par
ticular acreage to the . best advan
tage. Some of this rangeland is not
too productive, however, and some
thing should be done to increase its
producing power.
Over-grazing is probably the
chief reason why range grasses in
many instances do- not produce the
way they should. The grass plant
cannot be expected to grow prop
erly if its top growth is continually
grubbed off too close to the ground.
( Carbohydrates and proteins pro
duced in a plant are manufactured
in the top growth.) One of the best
answers, therefore, is to cut down

15
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the number of cattle. -grazed per
unit of land.
Another possible way to increase
grass production is to fertilize. Fer
tilization of these grasses has been
tested for the past 3 years at the
Range Field Station. In 1952 an ex
periment of four replications was
placed on three different pastures.
These pastures had been heavily,
moderately, or lightly grazed for
the previous 10-year period. The

grazing experiment is still in prog
ress and is conducted by the Animal
Husbandry Department. Data from
the fertilizer experiments are pre
sented in tables 8, 9, and 10.
The first application of fertilizer
was put on all three experiments in
April 1952, and the yields were ta
ken the following July. That fall the
original plots were split in half, and
the fertilizer was applied to only
one-half of each plot at the original

Tabe 8. Effects of Fertilizer on Yield of Grass Where Pasture Was Lightly Grazed Previous to 1952
Yie ld in Pounds p e r Acre
\Vhcn
Applied

Treatment*

0-0
0-0
0-0
0-0
0-0

All 3 years
.................
1 st year only .... _...
All 3 years ....,............ . . .... __
1 st yea r only ...... ,, .... ,........
All 3 years .J:.U-_..__..;_,_,..__.._
ea
l
); �,e��s y_:::::':::::::::::'.::::::::
80 - 0 - 0
1 st year only ............ , ...........
40 - 4 0 - 0
All 3 yea rs -----------------------------·
40 - 40 - 0
1 st year only ..---------------------L.S.D. at 5 % level
All 3 years ..........----------------! st year only ....---------------------

00202040-

;�: �:�

�'1\

1953

1954

] ���
1 292
1 292
1 292

647
785
l 1 46
973
1 463
89 1
1 90 1
1 3 70
'15 1 1
846

281
354
522
358
665
348
602
370
700

N.S:J·
_______

321
300

1 200
1 200
1301
1301
1 220

Increase
Over Check for
3-Ycar Period

745
408
1 1 2 -1
235
1517
808
1 279
249

335
13 l

N·S.

*'Sec footnote in table -1.
tNot sign ifican t .

Table 9. Effect of Fertilizer on Yield of Grass Where the Pasture Was
Moderately Grazed Previous to 1 952

Treatment*

0- 0-0
0 - 0-0
20- 0-0
20- 0-0
40- 0-0
40- 0-0
80- 0-0
80- 0-0
40-40 - 0
40-40-0
L.S.D. at 5%

'*Soc footnolc in 1:ibk 4 .
tNbt significant.

When
Applied

All 3 years ---------------------------1st year only -- ·---------------------All 3 years ---------------------------1 st year only -------------------------All 3 years ---------------------------1 st year only ..---------------------·
All 3 years ---------------------------! st year only -------------------------All 3 years ---------------------------I st year only -------------------------level
All 3 years --------------------------I st year on I y --------------------------

Yield in Pounds per Acre
Increase
Over Check for
1954
1952
3-Ycar Period

515
515
743
743
98 1
981
1 143
1 1 43
1 1 22
1 1 22
1 60
1 60

202
1 83
363
176
355
208
278
208
383
191
125
N.S . J

398
211
628
481
713
643
797
605

So11tb Dakota Experiment Statio11 Circular 116

16

Table 10. Effect of Fertilizer on Yield of Grass Where Pasture Was Heavily Grazed Previous to 1952
Yield in Pounds per Acre

,vhen

0- 0·0

0- 1 1 -0

20- 0-0
20- 0-0
40 - 0-0
40- 0 - 0
80- 0-0
80- 0-0
40-40-0
40-40-0

L.S.D. at

5%

Jnrcease

1952

1953

1954

All 3 years --------·------------------ 1 72
1 72
l st year onl y -----------------All 3 years ---------------------------- 392
] St year only ------------------------ 392
All 3 years _____________________ .. ______ 72 -l
l st year only -------------------------- 72�
A l l 3 years ---------------------------- 1 35 1
! st year only ------------------------ 1 35 1
All 3 years ---------------------------- 936
I st year only -------------------------- 936
leevl
All 3 years --------------- ------------- 33 1
1st year only ------------------------- 33 1

239
1 96
4-12
267
79 1
392
1 423
666
1 037
421

224
1 99
-15-l
214
735
330
992
441
867
374

272
177

1 66
144

.Applied

Treatment*

Over Check for
3-Year Period

687
272
1 6-19
8-1 5
3 1 65
1 85 7
2239
1 1 30

'*See footnote in table 4 .

rate. The next fall the rates and
treatments were repeated.
One-half of each plot received no
fertilizer in either the second or
third year; therefore, any increase
in that half of the plot in 1953 or
1954 was attributed to the residual
effect of the fertilizer from the ini
tial application in April 1952. After
sampling the plots for yield each
year, the vegetation over the entire
experimental area was clipped and
removed to keep the area uniform.
Yields of grass in 1952 were aver
age, in 1953 above average, and in
1954 below average. Cattle de
stroyed the experiment in the mod
erately grazed pasture in 1953,
therefore no data for 1953 were ob
tained from that experiment.
Response from fertilizer in all 3
years was largely due to nitrogen,
but there was some phosphate re
sponse as well. For instance in the
heavily grazed pasture, the plots
fertilized with a yearly treatment of
40 pounds nitrogen plus 40 pounds
phosphorus produced 590 pounds
more hay in the 3 years than the

plots that received a treatment of
only 40 pounds nitrogen ( table 10) .
It was not an economical return
however, for 120 pounds of phos
phorus at 10 cents a pound will cost
more than the value of 590 pounds
of native grass.
The big response in yield was due
to nitrogen. An increase in yield
from nitrogen took place every year
on all three experiments, except for
the first year on the lightly grazed
pasture. The well managed, lightly
grazed pasture did not react as
much to the initial application of
commercial nitrogen because the
top growth that had remained on
the soil each year helped maintain
the available nitrogen supply. In
addition, water, which is another
necessary factor in available nitro
gen release, penetrated the lightly
grazed pasture better than the other
two.
In the heavily grazed pasture, the
application of 80 pounds of nitrogen
each year ( 240 pounds for the 3year period) p r o d u c e cl 3,165
pounds more hay per acre in the ,'3-

Prog ress in Ag ric11/111ral Research

year period than where no nitrogen
was put on at all ( table 10) . In the
same experiment, the addition of
one 80-pound application in the
spring of 1952 produced an average
of 1,857 pounds more grass in the
3-year period than the average of
the check plots in the same period.
There was an increase in yield
from residual nitrogen for all rates
of nitrogen application in both the
heavily and lightly grazed pastures
in 1953 ( tables 8, 10 ) . Residual re
sponse increased with the increased
rate of initial nitrogen. In 1954,
there was a significant effect from
residual nitrogen in only the heavily
grazed experiment ( table 10) . In
that experiment, increases in yield
from residual nitrogen were pro
duced where both the 40- and 80pound rates of nitrogen had been
applied 2 years previously. The
largest residual effect followed the
80-pound application.
Results from these three pasture
experiments indicate that an appli
cation of 80 pounds nitrogen to the
acre once in 3 years gives more
pounds of hay per unit nitrogen
than 80 pounds of nitrogen applied
each of the 3 years. In general, the

17

same relationship was true for all
three rates of nitrogen used.
In the heavily grazed pasture ( ta
ble 10) , the plots receiving 40
pounds nitrogen once in 2 years
yielded more than the plots receiv
ing the same amount of nitrogen
but applied at the rate of 20 pounds
nitrogen each year. Those plots re
ceiving one 80-pound treatment
also yielded more than two 40pound annual treatments. Results
from the lightly and moderately
grazed pastures did not always ex
hibit the same trend in favor of a
single application.
Yield differences are not the only
criteria in determining whether fer
tilizer will give a profitable return
or not. The crop produced on fer
tilized soil is often of better quality,
and one of the primary standards of
hay quality is its percentage of pro
tein. The hay from the experiment
on the heavily grazed pasture was
analyzed for protein every year for
the 3-year period. The data are pre
sented in table 11.
'When fertilizer was applied ev
ery year during the 3-year period,
there was a significant increase in
percent protein due to nitrogen in

Table 1 L Effect of Fertilizer on Percent Protein in Native Grass Where
Pasture Was Heavily Grazed Previous to 1952
Protein i n Percent
Treatment*

0- 0-0
0- 0-0
20- 0-0
20- 0-0
40- 0-0
40- 0-0
80- 0 - 0
80- 0-0
40-40-0
40-40-0
*Sec foo1no1c in table 4.

\Vhen Applied

All
Ist
All
1 st
All
I st
All
1 st
All
Ist

3 years --------------------------year only ________________________
3 years ---------------------------year only ----------------------3 years ---------------------------vcar only ________________________
3 years --------------------------year only ........................
3 years ...............-...........
year o n l y ....... ...............

1952

195 3

1954

7.13
7.13
7. 14
7.I4
7 .2 I
7.2 1
8.5 1
8.5 1
7.48
7.48

6.23
6.02
6.72
6. 1 7
7. 1 5
6.63
8.10
7 .09
7. 1 0
6.28

5.79
5 . -1 4
5.7 1
5 .67
6.78
5.7 -1
7 . 89
6.2 -1
6.59
5.46
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all 3 years. Increases over the check
obtained from the application of 80
pounds of nitrogen applied each
year were 1.38, 1.87, and 2.10 per
cent in 1952, 1953, and 1954.
vVhen only the one application
was put on in the first year of the
experiment, there was a significant
increase in protein content that
year, but the residual effect of the
fe1tilizer on protein was not signifi
cant. There was a trend, however,
for residual nitrogen to increase the
protein. This tendency was espe
cially true when the 80-pound rate
of nitrogen was compared with the
check. In the 3-year period, the
check plots yielded 635 pounds of
hay which contained 40.2 pounds
protein, while the plots that re
ceived 80 pounds of nitrogen each
year produced 3,766 pounds of hay
which contained 308.6 pounds of
protein. The increase from fertilizer
in yield of hay was approximately 6
times greater than the check plot,
·while the increase in protein was
7.5 times greater.

Significance of the protein in
crease f r o m nitrogen fertilizer
might by explained further in the
following way : vVhen 80 pounds of
nitrogen were applied each year,
the increase in protein over the
check plots was 268 pounds to the
acre for tlw 3-year period. If 268
pounds of protein were to be pur
chased as protein supplement, that
supplement would cost approxi
mately $35 ( calculated at approxi
mately 13 cents a pound ) . Return
from fertilizer in protein value per
acre, therefore, approaches but
does not surpass the fertilizer cost.
It is doubtful that the continued
use of fertilizer is the answer to
greater production of native grass
in western South Dakota. Returns
when expressed as hay or protein
are not great enough to make the
application of fertilizer a paying
proposition. There seems to be an
indication, however, that if a pas
ture has been eaten to the ground,
fertilizer may be a way to get a pas
ture back into production in a huny.

a double pur
They establish a superior crop variety program for �'estern
SSouthpose.Dakota,
since climatic conditions at the location are representative
MALL GRAIN yield b·ials at the Range Field Station serve

of a large area of the State. They also serve to classify small grains for
drought and heat resistance.
The hazards of low rainfall and greatly eased the problems of get
high summer temperature occur ting stands but has not reduced the
regularly at Cottonwood. Varietal value of these plots in testing for
performance under these conditions heat and drought resistance. Mid
is an indicator of what the same summer heat and drought have
varieties will do whenever drought been consistent at this location, and
strikes the more humid areas of the by July the soil is usually dry.
State. Consequently, many varieties
Soil blowing has been a problem
are tested in this location to estab at tl1is Station, since the plots are
lish their reaction to climatic haz quite exposed. In 1951, severe blow
ards, and the Cottonwood results ing on the spring sown small grains
have great utility throughout South caused sufficient movement of seed
Dakota.
to make the variety test unharvest
The present series of small grain able because of mixing. Growth
yield trials at Cottonwood date was excellent that year and mois
back to 1945. Yields reported are ture very favorable. As a result the
based on 10 years' results, for the yields for this Station are probably
period 1945-54. In 1948, the present underestimated since 1951 vields
plots were established and a fallow could not be used.
Plant diseases are usually a minor
system was begun. Use of summer
fallow preceding small grain has problem at Cottonwood; rusts are
19

So11tb Dakota Experi111e11t Statio11 Circ11/ar 116

2U

late and usually light. Hence, test
weights are a valuable indicator of
drought injury and immaturity.
There are several obvious con
clusions to be derived from the Cot
tonwood results. The absolute yield
advantage of early maturing vari
eties over late ones in the same
crop, especially in oats and wheat,
is clear cut. Part of this yield ad
vantage seems to come from the
more limited growth of the early
varieties and a consequent maxi
mum water utilization for grain
production. The yields indicate
that there are certain specific vari
eties that are unusually well adapt
ed to heat and draughty conditions.
These appear to be Nebred winter
wheat, Rushmore spring wheat,
Plains barley, and Osage and Du
pree oats as shown in the trials.
Winter Wheat Yield Tests
·winter wheat yield tests were
begun at Cottonwood in 1950. Av
erage survival of winter wheats has
been sufficient to make good stands
and acceptable yields. Yield in win
ter wheat at this location seems to
be based on two requirements-suf
ficient winter-hardiness to survive
the winter and sufficient earliness to
escape heat injmy. The 1954 yields

and test weights indicate that Ne
bred, with fairly good winter-hardi
ness, appears to have the most es
cape value. Winter wheat results are
summarized in table 12.
Rye Yield Tests
Rye plots have been grown at
Cottonwood since 1950, and the
perfomrnnce of rye varieties is pre
sented in table 13. All the northem
type varieties appear to have ade
quate winter-hardiness for this loca
tion, and consequently the 5-year
averages indicate no significant va
riety differences. The tetraploid rye
variety, Tetra-Petkus, grown in
1953 and 1954, has been very win
ter-tender. Caribou appears to hold
promise as a high yielding rye.
Oat Yield Tests
The outstanding perfo1mance of
the very early oat variety, Osage, is
evident in table 14, where the oat
yields are summarized. Average
yields definitely indicate that early,
rather short and fine strawed oat
varieties tend to be superior under
hot, dry conditions. Heavy-strawed
Bond types have not matched the
yields of the western types.
Earliness alone is not enough.
The poor 1954 performance of Min-

Table 12. Winter Wheat Yield Tests, Cottonwood, 1950-54
Variety

Yield in Bushels per Acre*
1950-54
A vcrngc
1954

Nebred ......................
Minter ........................
Pawnee ......................
Sioux ........................
Iohardi ............. .........
Minn. 2784 ..............

27.4
24.7
23.6
......
......

•Yield differences between varieties not signifaant.

54.2
40.9
38.6
36.1
37.0
37.8

1954
Test Wt.
Lbs./Bu.

57.2
53.5
5 5 .5
54.5
56.5
5 2.2

\Vinter Survival, Percent
1950-54
Average
1954

64
68
56

58
68
72
65
70
90
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land, a very early oat, is an indica
tion of inherent heat susceptibility
which may offset the escape value
of early maturity. Drought chamber
tests have indicated a high level of
actual heat tolerance in the varie
ties Dupree, Andrew, Mo-0-205,
Nemaha, and Cherokee. The test
weights and performance of these
oats under drought conditions in

1954 substantiate these findings .
In all the years oats have been
tested at Cottonwood, stem and
crown rust have never been serious
yield reducing factors. Choice of
oat varieties for this area appears
to be conditioned entirely by adap
tability. The outstanding choices
are Osage, Trojan, Dupree, Brunk
er, and Mo-0-205.

Tabl. 13. Rye Yield Tests at Cottonwood, 1950-54
1954

Yield in Bushels per Acre

1950-54

19H

Average

Variety

Pierre ···-················ ............
Dakold ................ ...............
Emerald ............................
White Soviet ......................
Caribou ................................
Tetra Petkus .............·.........
Least si gnificant difference

2 6.8
2 6.7
25.4
24.9
......

Winter Survival, Percent

Test. Wt.
Lbs./Bu.

5 2 .0
49.0
50.0
4 8 .5
5 0.0
44.0

34.0
37.3
33.8
31.1
47.8
19. I
13.1

1950-54

Average

1954

99
99
96
99

95
98
85
95
82
40

Table 14. Oat Variety Tests at Cottonwood, 1947-54
1 947-54
Variety

Brunker ----·----------------------Troj an ----------------------------Osage -------------------------------Dupree -----------------------------Andrew -------------·-------------Mindo -----------------------------Sac x H J 5927 ----------------·Mo - 0-205 --- ---------------·---Vikota ---------------------·-------Richland -------------------------Cherokee -------------------------Nemaha -·-------------------------Clinton ---·-----------------------J am est -------·-----------------·---Marion ---------------------------Waubay ---------------------------Shelby -------·---------------------A j ax -------------------------------Clintafe ---------------------------Clarion ---------------------------Clintland -------------------------Rodney ---------------------------Miniand --------------------------Branch ----------------------------Least significant difference

Average

1947-50

Average

47.0
47.6
54.4

38.4
36.0
42.2

47.6

38.3

47.8
44.0
4 1 .8
42.0
4 1 .8
48.3

36.4
3 5 .2
32.8
3 2 .7
34.0
38.2

45.8

36.5

--------·--

-----------

----------------

1954

1954

1954

Average

1954

Test Wt.
Lbs./Bu.

Height
Inches

Heat
lnjury*

5 8.8
63.0
70.6
6 1 .7
5 8.5
60.1
58.9
60.5
62.4
55.8
53.8
54.4
52.1
6 1 .8
57.9
5 4.3
50.5
58.2
32.8
59.8

39.3
50.8
53.3
50.6
48.2
50.3
42.7
49.8
49.8
38.9
34.6
37.8
30.8
40.1
42.2
43.2
29.7
42.1
38.5
5 1 .2
43·1
22.5
37.1
39. 1

30
28
29
29
32
31
30
31
27
26
32
32
30
38
30
33
28
26
29
29
32
27
25
23

29
30
25
29
34
28
35
33
24
27
33
28
33
33
31
34
35
36
33
28
34
35
33
32

3
5
5
2
4
4
3
2
3
4
4
4
3
4
5
5
2
2
3
4

Yield in Bushels per Acre

3.9

•Where 1 is no injury, and 5 is severe injury.
tHulless, yield :idjustcd.

4 .2

1 952-54

7.2

4

2

4

5
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Spring Wheat Yield Tests
The wheat plant can tolerate
more heat in the later stages of de
velopment than oats. Yield averages
in table 15 show that earliness is
very desirable in wheat at Cotton
wood. Performance of Rushmore
wheat has been outstanding here.
Test weights for 1954 indicate
differences in heat resistance of
great importance. The new variety,
Selkirk, \.Vas severely injured by
heat. Other heat susceptible varie
ties are Marquis, Cadet, N.D. 1,
Thatcher, and the durum wheats,
especially Vernum.
The Cottonwood results show
that extreme care must be exer
cised in choosing wheat varieties
and the choice cannot be deter
mined by rust resistance alone. Best

rust resistance available in a com
mercial wheat variety is in Selkirk;
yet the extreme susceptibility of
Selkirk to heat injury would indi
cate Rushmore to be the better
choice at this location. Rushmore
appears quite tolerant to the rust
levels experienced at Cottonwood
and has excellent heat and drought
resistance. Other varieties adapted
to the climate of this area are Lee,
Ceres, and Thatcher wheat with
Rushmore as first choice. Durum
wheats have consistently yielded
less than the bread wheats at the
Range Field Station.
Barley Yield Tests
Production of barley in western
South Dakota has been limited pri
marily by the availability of soil

Table 15. Spring Wheat Tests at Cottonwood, 1945·54
Yield in Bushels pei- Acre
1945-54 1948-54
Average Average
1 953
J9;4

Hard Red Spring Wheat
Lee -------------------------------·----·--·
Rush more -----------------------------Thatcher -------------------------------Mida -------------------------------------·
Rival -------------------- ·----------------l'ilnt ---------------------------------------Ceres ------------------ - - ----------------Cadet -------------------------------------Marquis ---------------------------------Selkirk --------------------------·-----T x Tri 630 --------------·--------···

I 7.3
1 5 .2
1 4.8
1 4 .8
1 4 .6
1 6.0

1 6.3
I 7.3
I 5.1
15.1
1 4. 1
1 3.8
1 5.2
1 5.4
1 3.2

---------- - ----------------···
Spinkota --------------------------------

RH 1 93 5

22.1
23.2
2 1 .0
1 5 .6
1 6.6
1 6.7
20.4
23.3
1 6.8
2 1 .7
2 1 .5
27.6

1 -----------------------------------3880 1 2 7 --------------------------------

N.D .

Durum Wheats
Stewart ---------------------------------M i nd um --------------------------------

-------------------------------Nugget ---------------------------------Sentry --------------------------·--------Lei. 364 ----···-----------------------·--Least significant difference -Vcrnun1

1 3 .5
1 2.7
I 1.5

1.4

•Heat d:101ag:c read on 1-10 scale of incrcasin;
tTr == Tracc.

13.4

I 1 .7
1 2 .9

1 6. J
I 5.5
1 7.5
1 6.5
2 1 .3

1 .5

4.7

l 1 .9

SC\'Cf i l y .

1954
1954
1945
1954
Test W1. Height Stem Rust Heat
Lbs./Bu. Inches Percent Damage*

1 4.7
1 4 .9
I 1.1
1 2.5
1 4. l
1 1 .8
1 1 .9
1 3 .5
8.6
1 4 .9
1 5.7
1 6.2
7 .9
1 0.9
1 4 .3

50
50
45
52
51
49
50
45
45
43
5-1
49
52
45
50

30
32
30
26
31
34
28
31

7.7
6.1
3.6
7.9
1 0.8
12.l
4.0

50
47
-17
48
55
48

35
3-1
28
30
30
3I

29
33
28
34
31
29
27

7

6

7
8
13

9
8
8
9
8
8

3

8

JO
4
20

Tr-J-

0
2
5
Tr
Tr

211
20
JO
30
JO

0

8

8

10
7
6
7
IO

5

G

7
9
5
5
8
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moisture early in the growing sea
son. This factor has resulted in
yield advantage for varieties which
make early rapid growth and ma
ture before the hot winds and peri
ods of low rainfall that commonly
occur in midsummer. Plains barley
has been an excellent example of
this type of varietal reaction.
In no case have the late, heat sus
ceptible malting barley varieties
been found suitable for this region.
A new feed type barley, Custer, has
yielded well during a 2-year period;
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however, it should be realized that
many conditions were favorable
during this period and that definite
recommendations should not be
made from such limited data. Stem
rust normally occurs late in the sea
son in western South Dakota and,
therefore, does little damage to the
barley crop. Rust resistance is not
considered essential for recommen
dation of western-grown barleys.
Ten-year yield averages and 1954
yield and agronomic characteristics
are shown in table 16.

Table 1 6. Barley Yield Tests at Cottonwood 1945-54
1954
1945-54
Feed Types

Plains ---------Feebar ---------Spartan -------Trebi ··---------Velvon I[ ---Tregal -·-------Cornpana ---Custer ----------

30.0
2-l.7
23.-l
29.5
27.-l
30.6
30.3

Yield in Bushels per Acre

1945,49

1950,54

1954

Wt./Bu.

27.4
24.0
20.3
28.0
25.2
33.3
28.8

32.6
25.4
26.6
3 1 .0
29.6
27.8
3 1 .9
39.6 1

4 7 .9
3 1 .6
33. 1
36.2
27.0
33.5
38.0
39.9

47
42
48
41
40
42
43
42

25.1

30.9
26 5
1 7. 1

41
46
42

6.3

------

Malting Types
Odessa ---------- 2 5 .2
Kindred ------ -----Barb less -------- 2 2 .2

24.5

25.2
25:5 +
1 9.9

2.4

3 .4

3.4

L.S.D. ··········---•Tr-Trace.
tTwo year average.
!Three year average.

Test

1954

1954

Stem Rust Heat
Percent Damage

2
Tr ®

15
8
20
15
20
20
8
Tr

5

1954
Height
in lnchcs

4
2
3
4
2
4
6

25
32
26
28
29
25
28
31

7
7

29
30
35

5

Corn Yield Trials
planted on approximately 260,000 acres of the agricultural
C
area represented by the Range Field Station at Cottonwood. While
this is not a large percentage of the total acres in this region, corn occupies
ORN IS NOW

more of the cultivated acreage than any crop except wheat. Since the
weather in this area is often severely hot and dry, corn yields are frequently
low. Even so, in addition to whatever yields are obtained, a field planted to
corn derives some of the benefits of summer fallow and this crop will prob
ably continue to occupy several thousand acres.
From surveys conducted in the
area, it has been found that many Cottonwood. TI1e two rows on the
different hybrids are sold. Climatic right are Gehu Hint while the two to
conditions warrant that frequently the left are a commercial hybrid.
In table 17 are presented results
an adapted hybrid has to be early
obtained
when inbred lines were
and generally drought resistant. To
develop such hybrids, to determine grown at the Range Field Station
which existing hybrids possess such and :rated for drought injury. In
characteristics, and to aid farmers such ratings a scale of 0-12 was·used
in selecting such hybrids, tests are with "O" indicating no damage and
conducted annually at the Station. "12" the most severe injury. Inbreds
are available ranging from a slight
Importance of Drought Resistance amount to a severe degree of injury.
That drought resistance is impor- Results obtained on a few single
tant may be seen in figure 5 which crosses are presented in table 18.
shows two entries in the yield test of
Of the lines included, W9 does
commercial com when grown at not appear in table 17. In other tests
24
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Table 1 7. Means of Drought Injury Ratings of
Inbred Lines of Corn when Tested at the Range
Field Station, 1953
Line

Mean Injury Rating*

W8
Oh43
2 ( 5) 0
L3 1 7
R53
Oh56A
SD2
3 8- 1 1
138
52386-2
504
5 2 1 86- 1
506
ND230
A34

1 .5
3.0
3. 5
35
3 .5
4 .0
4.5
4 .5
6.0
6.0
7.0
7.5
1 0.0
1 0.0
1 1 .()

•O--no d:mi:tge :1nd 1 2-scvcrc injury.

i t h a s shown susceptibility t o
drought injury. While no great
range in drought resistance oc
curred among the single crosses,
still some were better than others.
Certainly, it appears that it is pos
sible to breed for such resistance.
Good Cultural Practices Conserve
Needed Moisture
That good cultural practices in
growing corn are especially impor-
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Table 18. Means of Drought Injury Ratings of
Single Crosses of Corn when Tested at the
Range Field Station, 1954
Cross

2 ( 5 ) D x W8
Oh43 x BB
2 (5 ) D x Oh56A
ND230 x 504
Oh56A x BS
2 ( 5 ) D x W9

Mean Injury Rating

2.0
2.7
2.7
3.0
3.3
4 .0

tant in this area is apparent in figure
6. In the two rows on the left all
weeds were removed while in the
two on the right they were still
present when the picture was taken.
That they were hurting the corn
may be seen by the increase in wilt
ing in the weedy rows.
Commercial Corn Hybrid Trials
In the trials conducted during the
past 5 years, results were ob
tained only in 1951 and 1953, the
other 3 years being complete fail
ures because of drought. The per
formances obtained those 2 years
are presented in table 19.
None of the yields are high, the
top for 1953 being 25.9 bushels

Figure 5. Drought resistant corn ( left ) compared to drought susceptible.
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Table 1 9. Commercial Hybrid Yield Tests, Jackson County
1953
Hybrid o r Variety

Acre Yield
Bu.

S.D. 250 -------------------------------S.D. 22-l ----------- -------------------S .D. 4 00 -------------------------------Sokota S.D. 262 ---------------Funk G-9 -----------------------------S.D. 2 1 2 -------------------------------S.D. 270 ___________________:____________
Disco 85W ---------------------------Rainbow flint -----------------------Funk G - 1 A -------------------------Kingscrost KE3 -------------------Sokota S.D. 220 -------------------
Master F 32 -------------------------
Kingscrost KE! -------------------
Gurney 90 ---------------------------
Dekalb 58 ---------------------------F.U. 4 4 1 7 -----------------------------
Wisconsin 355 ---------------------
Disco 90W ---------------------------
Dekalb 62 ---------------------------
J acques 803 ---------------------------
Gurney 85 ---------------------------Gchu ------------------------------------Average of all entries __________

Moisture
Percent

Acre Yield
Bu.t

Mois1Ure
Percent

J 6.G
1 3 .-l
1 2 .9
l 2.5
1 2.4
12.l
1 1 .9
I 1 .2
1 0.8
I 0.6
9.9

2 1 .9
25.9
30.G
28.4
34. -l
27.1
27.1
22.0
23.7
3 1 .9
1 9 .2

1 2.2

26.6

22.1
2 I.,J
1 8.4
1 8.i
1 8.8
20.8
1 8.8
1 7.8
1 5 .8
1 7.6
18.1
25.9
25.0
22.3
20.6
1 9.5
1 8 .5
1 7 .4
l i.2
1 7. 1
1 6.0
] 4 .2
4.1
1 8.5

1 2 .5
1 1 .3
12.1
1 1 .6
1 2.9
1 2 .U
1 2 .0
1 1 .3
1 1 .8
1 2 .5
J I.I
I 1.0
1 1 .6
I 0.7
1 1 .2
1 2.2
1 1 .7
1 1 .5
J 1 .4
I I.I
I 1.1
1 2 .0
1 3.9
I 1 .8

.. Two-yc:1r :ivcr:igcs arc o( 1 9 5 1 :ind 1 953 crops, Drought c l imin:ned 1hc 1950, 1 952, :ind 1 951 tri:1ls.
tDiffercnccs in yield of less than 6.9 bushels per acre arc not st:itistically significan t .

while that for the 2-year average
was 16.6 bushels. Corn was dry in
1953 while in 1951 apparently some
of the entries, such as Funk G-lA,
Funk G-9, and S.D. 400 were quite
wet ( and therefore late) , since
their 2-year average moisture per
centages are quite high. Two South
Dakota Experiment Station hybrids
-S.D. 250 and S.D. 224-had the

highest 2-year average yields, while
in 1953 Sokota S.D. 220, Master
F32, Kingscrost KEl, and S.D. 250
were the top four yielding entries.
Most of the hybrids out-performed
the open-pollinated varieties in the
test. In the area represented by the
Range Field Station open-pollinat
ed corn still occupies a large per
centage of the corn acreage.

Figure 6. Clean cultivation ( left ) , weedy corn ( right ) .
Differences in drought symptoms are apparent.

-�-----

27

Prog ress in A g ric11/t11ral R csearcb

Sorghu1n Yield Trials
Sorghums have been grown at
Cottonwood since the Station's ori
gin in 1912. One of the principal
reasons for growing sorghums in
this area is their adaptability to hot
weather and limited moisture con
diitons. They are able to remain
dormant during periods of drought.
Altamont, a kaoliang grain sor
ghum, yielded 17.5 bushels of grain
to the acre over a 10-year period
( 1919-28) while Alta dent corn
yielded 10.1 bushels to the acre dur
ing the same period. Results in table
20 show that sorghum produces
considerable more pounds of for
age an acre than any other cultivat
ed crop. The yield of sorghum for
age to the acre was more than four
Table 20. Average Yields from Several Forage
Crops ( 1921-28)
Crop

Lbs. Per Acre

Sorghum
Rainbow flint corn
Alta Dent corn
Sweet clover
Alfal fa
North \Vestern Dcn t corn
Millet (Foxtail )
Sudan grass ( 42" rows )

5200
3 600
3 000
2 800
2 600
2400
1 260
1 200
958

Native grass

times that of millet, Sudan grass, or
native hay.
There were numerous objections
to the sorghums as they were first
introduced in South Dakota from
the South. Breeding and selection
work since 1930 for early maturity,
larger seed, high yield of grain,
open panicle, and adaptability, has
resulted in adapted, high-yielding
grain sorghums that are shorter and
stand longer after killing frosts ( ta
ble 21 ) . These early-maturing grain
sorghums that ripen uniformly, do
not grow too tall, and fit South Da
kota's climatic conditions have sta
bilized the production of higher
yields and higher quality of grain.
Reliance a n d Norghum, two
early - maturing grain sorghums,
h a v e consistently given higher
yields of high quality grain. The
other varieties, later in maturity
than either Reliance or Norghum,
were generally hurt more severely
by drought or they ,vere killed by
early fall frost. They generally pro
duced lower yields and poorer
quality grain.

Yields per Acre in Bushels
Variety

Reliance -----------·-------------Norghum -----------------------Improved Coes ---------------Sooner Milo -----------------Early Kalo -------------------Midland ------------------------Martin ---------------------------·•Test not pl:intcd 1953.

1948

1 949

1950

1951

1952

1954

20.7
20.6
20.6
1 8.0
20.6
1 2 .9
1 2 .9

4.0
3.0
0.7
0.0
0.3
0.0
0.0

6.3
5.7
2.0
0.7
1 .0
0.4
0.7

2 4.7
23.2
12.4
5.8
8.7
1 .2
2.1

30. l
3 1 .4
2 2.3
2 1 .0
23.6
30.1
1 8.4

4.8
4.2
2.4
1 .0
0.1
0.5
1 .3

Average

1 5. l
1 4 .7
IO.I
9 .4
9.1
7.5
5.9

Establishing Alfalfa in Grasslands

of the white man and the white-faced cattle to the
B
ranges of the no1thern plains country, the virgin grasslands comprised
a colorful profusion of non-grass plants intem1ingling with the grasses. A
EFORE THE COMING

part of the rich panorama of color, variety of vegetative types, and lush
plant growth was due to the many wild legumes native to the region.
There are still remnants of these
legumes in some pastures and hay lar experiments at several other lo
lands, and their presence is an indi cations in South Dakota has indi
cation of the superior condition of eated that productivity of native
such grasslands. On the whole, grasslands can be greatly increased,
though, their contribution to the to perhaps doubled, by establishing a
tal productivity of the range grasses hardy persistent legume in the
is only a fractin of what it once was. grassland.
Two considerations are basic to
Can the initial productivity of
this
objective: ( 1 ) finding a legume
the grasslands be restored? Yes, by
that,
unlike the wild clovers, will be
carefully regulated grazing man
agement over a period of many hardy and persistent when grazed,
years, much can be accomplished. and ( 2 ) introducing such a legume
However, several years are neces into grassland without totally de
sary and full utilization cannot be stroying the grass in the process.
With respect to introducing this
made. It is believed that there may
hardy legume, it was realized that if
be an alternative procedure.
Reliable evidence from forage ex the Experiment Station recommends
periments begun in 1948 at the the use of a legume, such as alfalfa,
Range Field Station and from simi- some information as to the meth28
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ods of getting stands of alfalfa in
grasslands would be needed. Ac
cordingly, in 1951 an experiment
was laid out at the Range Field Sta
tion on upland mixed prairie to
compare the value of the following
methods of establishing alfalfa in
sod: ( 1) shallow plowing of sod,
( 2) no treatment, ( 3) disking twice
without plowing, ( 4) early spring
burning of old grass.
In each case, the plots ( 40 by 40
feet) were split into three sub-plots
to permit sowing three different va
rieties of alfalfa. About 3 pounds of
seed to the acre ,vere sown, using a
standard grain drill with alternate
drill runs covered, and with disk
tension adjusted to seed about
three-fourths of an inch deep.
The first objective in this tlial
was to find a treatment that would
give an initial setback to the native
grasses, so as to reduce competition
with new seedlings of alfalfa in the
first few months, but not to elimi
nate wholly the grasses. In the sec
ond and subsequent years it is de
sirable that the grasses recover suf�--

I.

£ciently to r naintain more or less
permanently a grass-legume mix
ture of the kind known to be most
productive of forage.
Results are discussed in relation
to figures 7-10.
Observations on the Four
Methods Tried
Treatnient 1 ( Plowing ) . ( See
figure 7 ) . Germination was good
and seedling mortality at a mini
mum for the experiment. In the fall
of the first year, well over 100 plants
to the plot ( 12 by 40 feet) could be
counted for each variety, and these
plants formed healthy crowns as
they went into the winter. In 1953, 2
years after seeding, feather-bunch
grass ( Stipa v'iriclula ) had begun to
come back into the plots seeded to
Nomad. The Ladak plots were
nearly pure alfalfa.
Treatment 2 (No treatment prior
to seeding). (See figure 8.) Genni
nation was poor and seedling mor
tality high, generally at about the
first or second true-leaf stage. Only

Figure 7. Ladak and Nomad alfalfa seeded on plowed sod.
Ladak plots are almost pure alfalfa.

- ---- ---- ----------

-·

--

·-

- - ----1
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Figure 8. Alfalfa seeded with no preparation of sod. A few plants survived the summer.

scattered plants s urvived the sum
mer and these in many cases were
not thrifty enough to form the over
wintering crown needed to survive.
Less than 20 plants a plot have per
sisted during the ensuing 2 years.
These plants in 1954 were vigorous,
however, and are making some con
tribution to the year of the plots .

Treatment 3 (Disking). (See fig

ure 9.) Germination was good and
seedling mortality much reduced in
comparison with treatment 2. "\i\Tell
over 100 plants to the plot were ob
served. Individual plant vigor was
restricted and it appeared that some
plants might fail to survive or re
main competitive beyond th e first
winter. By 1953, however, as may
be seen in figure 9, very good stands
had been realized. The stands were
sparse enough in the case of Nomad
and Sevelra that feather-bunch
grass (Stipa viridula) had com
menced to come back into the plots.
A good understory of native sod
,vas becoming re-established.

Treatment 4 (Burning). (See fig·

ure 10.) Germination was good and
many plants seemed to have made
an initial establishment. In early
summer, however, as the sod grass
es developed, the seedlings began
to fail. In October, less than 100
plants to the plot could be counted.
These were reduced in vigor and it
appeared that many would not sur
vive the first winter. A significant
number of plants did actually suc
ceed in becoming established, how
ever, and, in 1954, are contributing
predominantly to the yields.
Important Factors to Consider in
Establishing Alfalfa in Sod
Hesults obtained in this test are
applicable only under similar con
ditions of soil fertility, moisture
and temperature relationships, and
grass competition. These factors
vary from location to location and
from year to year. It has been ob
served in several instances that suc
cessful stands were obtained by
drilling directly into sod. The oppo-
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site experience of being unable to
get a stand even on firm plowed
ground is not too uncommon. Re
sults from this particular experi
ment then must be interpreted in
relation to the environmental con
ditions. Performance noted in this
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trial is believed to be sufficiently
representative to be useful.
Progressive improvement of vig
or has been noted in those cases
( treatments 3 and 4 ) where plants
were initially reduced i. n growth
and development. The s ystem of

Figure 9. Ladak and Nomad seeded on disked land. A good stand has been established.

Figure I 0. Sevelra, Ladak, and Nomad seeded on hurnccl land.
A significant number of plants survived.

' ?
_ _)_
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management for hay has favored the years. vVith present varieties, har
weak plants. Under a system of vesting tl1e field as hay in the sec
grazing, great care would have to ond or third years will favor the le
be exercised in the early years to gume. This would be necessa1y
permit such plants to become firmly vvhere adequate stands of alfalfa
had been obtained but plant vigor
established.
The following conclusions can be reduced due to the competition
from the grasses. On the contrmy,
drawn from present studies :
( 1) Moisture reserves must be ,vhere the legume was so thick as to
adequate and seasonal rainfall suf seriously inhibit the desirable grass
ficiently frequent to get new seed es, a system of judicious grazing
lings started and to sustain them would tend to favor the grass at the
expense of the legume.
through critical summer months.
An alternative procedure at seed
( 2) T h e desirable perennial
grasses must be set back by severe ing time would be to seed a legume
disking or cultivating so as to limit and an adapted grass together.
their ability to compete against Then a state of balance between the
new seedlings, but they should not two kinds of plants can generally be
be eliminated, as by plowing, else more readily achieved.
the proper mixhue for grazing will
Under the conditions prevailing
not readily be achieved.
in this experiment, double disking
( 3) The variety selected for the sod before seeding resulted in
range planting should have strong achieving the better balance be
seedling vigor to enable the new tween alfalfa and native grasses.
plants to become quickly estab Ladak was slightly superior to Sev
lished, aggressive root and crown elra and Nomad in ease of establish
growth being particularly desirable. ment, but in the disked plots the ad
( 4) Once a seeding on the range ditional vigor of Ladak afforded
has been made, its chances of being more resistance to competition from
successful rest clearly upon good grasses than the system of manage
management in the first and second ment being employed for hay.

Grazing Persistence Studies
One aspect to the over-all pro
gram of grassland or range im
provement has to do with finding a
legume which, unlike the wild clo
vers of the virgin prairies, will be
hardy and persistent when grazed.
By breeding it is hoped to develop
types of alfalfa having special fit
ness for the conditions of our range

pastures. In the present stage of the
program, however, it is important
to evaluate the performance of
standard hay types when grazed.
Accordingly the following trial was
undertaken.
I n early spring of 1951, on native
upland prairie just plowed, 15
strains of alfalfa were seeded in
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replicated plots 5 by 40 feet in size.
Perfect stands of all strains were
obtained and during the year of
establishment the area was closed
to livestock. In 1952, a herd of cat
tle had continuous access to the
area for 3 weeks, commencing the
middle of June, and again for a
somewhat sho1ter period in the lat
ter part of August. When the plots
were inspected in October 1952, no
regrowth had taken place on any of
the plots. All strains had been
grazed to the ground level.
In 1953, spring recovery was sat
isfactory on most of the plots,
though certain ones were dimin
ished in stand and irregular in vig
or. Two strains had suffered almost
complete winter injury ( Chilean
and Pilca Butta ) . Commencing
June 10, 1953, the stock was permit
ted access to the plots for a 3-week
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period, after which observations
were made and recorded.
It is difficult to measure quanti
tatively the effects of grazing upon
alfalfa strains unless the experi
menter is able to keep tl1e test under
daily observation. In this case, Re
liance was placed upon field obser
vations with respect to vigor and
stand ( table 22 ) .
Survival and maintenance of
plant vigor over several years must
be the final test by which the rela
tive performance record of each
strain is based. At present the
strains in class I appear definitely
superior with respect to these char
acteristics. It would be premature
to state that these strains will con
tinue to stand up under grazing as
practiced with this test.
For strains in classes IV and V, it
can be stated with considerable

Table 22. Effects of Grazing on Vigor and Stand of 15 Alfalfa Strains at the Range Field Station
Strain

Comments (From Notes Taken July I, 1953)

Class I
Bison composite .......................
Rhizoma ...................................
Ladak ...................................... .
Bison Bulk ...............

excellent
excellent
excel lent
excel lent

vigor,
vigor,
vigor,
vigor,

excellent
excel lent
excellent
excel lent

stand,
stand,
stand,
stand,

crowns
crowns
crowns
crowns

healthy
healthy
healthy
healthy

and
and
and
and

regenerating.
regenerating.
regenerating.
regenerating.

Class U

;v/edicago fnlcntn ..................... good vigor, good stand, growth and recovery retarded but persis

tence has been good.
Nomad .................................... . fair vigor, good stand, persistence has been good .
Semipal:ninsk ........................... good vigor and persistence.
Class III
Sevelra .................................... . good vigor, good stand.
Ranger ..................................... fair vigor, fair stand.

Class IV
Buffalo ..................................... low vigor, stand adequate but plants much weakened, crown
narrow, and showing l i ttle initiation of new growth.
Grimm ..................................... much weakened, many plants dead from grazing injury.
Cossack ..................................... much weakened, many plants dead or dying from grazing effect.
Class V
Talent ....................................... a l l plants severly weakened, many plants dead.
Chilean ..................................... all plants dead, clue primarily to winter injury.
Pilca Butta ............................ . nearly a l l plants dead, a result of the joint effects of grazing and
winter injury.

Figure 1 1 . Upper plant-root-creeping
type of alfalfa. Lower plant-standard
alfalfa type. Note yardsticks.

confidence that they are definitely
not suited to grazing. The strains in
classes II and III do not appear to
be well adapted to grazing as they
do not combine high vigor with per
sistence, even though for either one
of these characteristics alone they
might be satisfactory.
Breeding the Grazing-Type Alfalfa
Forage production on millions of
acres of grazing land in the northem Great Plains is severely limited
by moisture supply, available soil
nitrogen, and species composition.
Both quality and amount of forage
can be significantly increased by incorporating a hardy, persistent, vigorous, nitrogen-fixing legume, such
as alfalfa, into the native grasslands.

More efficient use will be made of
the limited moisture available; the
legume with Rhizonium bacteria
will cause the fixation of free nitro
gen from the air, and make it avail
able to the associated grasses.
The standard hay-type alfalfa;
however, doesn't have the charac
teristics suitable for range grazing
( see figure 11, lower ) . Real hope
that a suitable type of alfalfa has
been found has been occasioned by
the recent discovery of the root
proliferating type represented in
the accompanying photograph ( fig
ure 11, upper) . With its multiple
branching root system and habit of
proliferating new vegetative buds
from the horizontal spreading roots
( figure 12 ) , this plant is expected to
grow well in the heavier soil types
of the West, compete effectively
with the sod-forming native grass
es, and withstand grazing.
Agronomically desirable strains
of this new type are now being,
bred, but there are numerous prob
lems. In the first place, we do not
have enough lines that are practica
bly true-breeding for the creeping
rooted behavior. Secondly, a major
ity of plants of this sort tend to be
poor seed producers. These plants,
like standard alfalfa, are also quite
susceptible to foliage diseases.
Fortunately, genetic variation
does exist for these traits, and, in
deed, significant progress has al
ready been made toward the selec
tion of plants more desirable for
these va1iable characteristics.
These root-creeping types are al
ready markedly resistant to cold
and drought by virtue of their par-
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Table 23. Performance of Several Legumes at Range Field Station, 19;4
(Test seeded in April 19;2)
Yield Ory Mauer

Strains or Species

,,
/I

Anrage Stand
Vigor
T./A. ( cut in
in Percent Av. of Four Reps•
June)

Eu ropean birdsfout trefoil
( Lotus cornirnlat{{j) -------------------------------Strawberry clover ·---·-----------------··---------- -----Big trefoil
( Lotus rtliginosus) -----··--------------------------Domestic Birclsfoot trefoil
( L. comiculatus) -------------------------------·---Rhizoma a I falfa ------------------·----------------------Nomad alfalfa ----------------------------·----·-··------A225 (a synthetic alfalfa) -----------------------Uraguay
1 0 alfalfa ----·-----·--------------------Du Puits alfalfa ---·-------------------------------------Williamsburg alfalfa -----------------------------------Narragansett alfalfa -----------------------------------Meeker Baltic alfalfa ----------------------·-------·-----

#

1 .5
20

7.5
9

0
30
92 .5
52.5
78
83.5
77
83.5
86
75

9
4.75
7
6
6.25
5 .75
4.5

.99
.56
.75
.6 1
.63
1 .02
.87
1 .05

•I-most vigorous, 9-Jc:i.st vigorous.

entage. They are descendants of hy
brids involving the yellow-flowered
Russian alfalfa and the variegated
varieties, Ladak and Cossack.
The task of the plant breeder is
one of observing and selecting for
the appropriate combination of
needed traits and combining the
final selections into synthetic strains
for final testing and release.
New Legume and Variety Trials
New legume and variety trials
were conducted primarily to get in
formation on ( 1 ) ease of establish
ment and on ( 2 ) survival of some of
the newer alfalfa strains and of the
trefoils under the rigorous condi
tions in the area of the Range Field
Station. Together with yield, these
criteria constitute essentially what
is meant when we say adaptation.
Can we get a stand; can we keep it
once we get it; how productive may
we expect it to be? The test from
which data are recorded in table 23
provides partial answers to these

questions for the strains included.
Considering first the test as a
whole, the site proved quite vari
able in soil and moisture factors.
Figure 12. New buds from horizontal
spreading root system in a root-creeping
type of alfalfa.
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This variability resulted in a 90 per
cent stand of strawberry clover in
one plot but zero stands in the other
three replications. It so happened,
too, that in all four replications the
alfalfa strain, Meeker Baltic, was
located on plots specially favored
by runoff moisture. Comparison of
dry matter yields among strains
was therefore not precise. The in
terpretations made of the perform
ance of entries in this test take ac
count of such non-random effects.
Strawberry Clover
(Trifolium fragiferum)
Strawberry clover, a low-growing
perennial, resembles ordinary white
or dutch clover in growth fonn. It is
particularly adapted to wet land
and will tolerate some salinity. Ini
tially good stands of this species
were obtained. In August of the
year of seeding ( 1952 ) numerous
seed pods had fonned and the
young plants appeared to be stand
ing the heat and drought remark
ably well. In the summer of 1953,
however, o n l y scattered plants
were evident and in 19,54 only one
plot, favorably situated with re
spect to moisture, retained a stand.
Even so, the vigor of the plants was
extremely low and the plot was ov
ergrown with annual bromus. It is
concluded that strawberrv clover is
definitely unadapted f�r forage
purposes in western South Dakota
because it lacks drought resistance
and because of insufficient vigor.
Birdsfoot Trefoil
(Lotus corniculatu�, L. uliginostts)
Two species of trefoil were test
ed, the broadleaf and the big tre-

foil. In the broadleaf group is found
the European type, characterized
by good seedling vigor, upright
growth form, rapid regrowth, and
abundant .Bower production.
The domestic type, of which
much of our seed traces to the New
York "Empire" source, is character
ized by reduced seedling vigor,
semi-erect growth form, dormancy,
and late maturity, though it is a
good flower and seed producer on
the first crop. From other trials the
domestic type is known to be more
winter resistant than the European
types. The broadleaf trefoils are
perennial plants of high quality for
age of potential usefulness as pas
ture legumes in the humid area.
In this test, the European type in
August of 1952 ( the year of seed
ing ) had produced a satisfactory
stand on all plots; the young plants
were of good vigor and showed only
slight evidence of drought injury.
In 1953 very few plants had sur
vived, and in 1954 only an average
age of 1-2 percent stand remained
on the plots of this strain.
The strain of domestic birdsfoot
trefoil used produced initially a
thin stand of low vigor. In the fol
lowing seasons the stands have
been maintained, but vigor has not
improved. It appears that the do
mestic trefoil is at least moderately
winter hardy but not at all produc
tive under d ryland conditions.
In respect to the big trefoil, thin
stands were initially obtained. The
young seedlings showed symptoms
of drought injury ( dead an<l <lying
leaves, green leaves strongly folded
or curled at mid-day ) . None of
these plot survived the first winter.
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This species shows no promise of
being useful for forage in the range
area of South Dakota.
Alfalfa Strains
Eight strains of alfalfa, all but
one ( Meeker Baltic ) being recently
released in other parts of the Unit
ed States, were tested for adapta
bility along with the preceding le
gumes. As a group the alfalfas were
markedly superior in ease of estab
lishment, survival, and productiv
ity to the perviously-named species.
Amount of top growth of a first
year stand of alfalfa is not an abso
lute guide to the ultimate vigor and
adaptability of that strain. There
appears to be an inverse relation
ship between top growth and root
growth in first year plants; for ex
ample, in August of the seeding
year, DuPuits alfalfa seedlings av
eraged 7 inches in height and Rhi
zoma seedlings, 4 inches, but root
and crown development showed
the reverse relationship. Rhizoma,
of course, is more productive of top
growth once established. Such a
strain is also more likely to become
established in the first case because
its below-ground regenerating parts
are more vigorous.

Among the strains listed, Ura
guay No. 10 and Williamsburg are
known to be only moderately cold
resistant. Their continued presence
in good stand must indicate that the
winters have been not too severe.
Little signiflcance is therefore at
tached to the differences in stand
noted. The same may be said for the
data on yield since the random vari
ability was such as to hide varietal
differences in the absence of severe
stand losses due to cold.
Among the perennial legumes
that are commonly grown for for
age in this area, the hardy variegat
ed alfalfas, as a group, are most
adapted. One must look among
these alfalfa strains for further im
provements in agronomic fitness to
conditions of South Dakota ranges.
Grass Species and Varieties Alone
and in Mixture
Yielding abilities of different spe
cies and strains of grass alone and in
mixtures with Russian wildrye and
alfalfa were tested by an experi
ment, the plan of which is shown in
table 24. The grasses were grown in
plots 7 feet by 80 feet in each one of
the three replicates. In each repli
cate each grass was grown alone,

Table 24. Plan for an Experiment to Test Yield Ability of Grasses Alone and in Mixtures
Replicate I

Replicate 2

Replicate 3

Grass with A l fa l fa

Grass with
Russian wildrye

Grass alone

Grass alone

Grass with alfalfa and
Russian wild rye

C rass with :ilfalfa

Grass with
Russian wildrye

Grass with alfalfa

Grass with alfalfa
and
Russian wildrye

Grass alone

Grass with

Russi�n wildrye

Grass with alfalfa
and
Russian wildrye
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with Hussian wildrye, \.Vith alfalfa,
and with both.
The seeding was made in the
spring of 1948, and in 1949 notes
taken on the composition of grasses
in the plots of grass alone indicated
100 percent of each of the grasses
sown. Notes on composition were
again made in 1953 and these are
shown in table 25.
Ability of certain grasses to main
tain themselves and to spread to
other plots is indicated. Such grass
es as bromegrass, Hussian wildrye,
crested wheatgrass, and Hee wheat
grass were able to maintain their
stands and were not invaded to any
extent by other grasses. Other grass
plots have been invaded by the
more aggressive and adapted grass
species such as brome, crested
wheatgrass, as well as alfalfa. In the
cases of fvlandan wildrye and red
fescue, where the grass yields were
influenced largely by the presence
of the invading high yielding grass
es and alfalfa, the yields were not
reported ( table 26 ) .

The highest yielding grass both
by itself and with alfalfa is Hee
wheatgrass followed by Standard
wheatgrass, Lincoln bromegrass,
and Homesteader. Since the high
yields of western wheatgrass, slend
er wheatgrass, and green stipagrass
are contributed to by some of the in
vader grasses, their yields cannot be
considered as indicative of true per
formance.
Average yields of the grasses
with alfalfa is over twice that of the
grasses grown alone. When, how
ever, the Hussian wildrye is grown
in mixture with the grasses, the
yields are reduced. This tendency is
also present when the mixture is
grown with alfalfa.
Hesults of this experiment may be
summarized as follows : ( 1 ) Under
conditions at Cottonwood, brome
grass and crested wheatgrass are
the most aggressive grasses though
not the highest yielding. ( 2 ) Hee
wheatgrass is the highest yielding
grass both alone and in mixtures.
( 3 ) The yields of forage on the av-

Table 25. Changes After 5 Years in Composition of Grass Plots Seeded in 1 948
1949
Composition
Percent

Lincoln brome (hr) ..................
Homesteader brornc (br) ..........
Standard crested (er) ................
Russian wild rye (r.w.r.) ..........
Rec wheatgrass (r.w.) ............
Western wheatgrass (w.w.) ......

J OU br.
l 00 br.
1 00 er.
1 00 r.w.r.
1 00 r.w.
1 00 w.w.

Slender wheatgrass (s.w.) ........

J OO s.w.

Green stipagrass (g.s.) ............

I 00 g.s.

Mandan wildrye ( m .w.r.) ........
Red fesucc (r.f.) ......................

J OO m .w.r.
l 00 r.f.

1953
Composition
Percent

JOU br.
J OO br.
99 er., l alf.
98 r.w.r., 2 alf.
96 r., 4 alf.
54 W.W., 2 2 er.,
20 br., 4 alf.
50 s.w., 8 er.,
3 2 br., IO a l f.
60 g.s., 30 alf.
l O c.r.
9 8 br., 2 alf.
2 8 r.f., 3 3 alf.,
26 br., 13 er.
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Table 2 6 . Average H a y Yields at Cottonwood f o r the Years 1 949-53 from G rasses
Grown Alone and i n Mixture (Yields not Taken in 1 950)
With Russian
\Vildryc
T./A.

Alone
T./A.

Rec whcatgrass -----·---------·---------·----- ..
\Vestcrn wheatgrass ---·-------·----··---·---·
Standard crested ---------------·---·-------·---Green stipagrass ---·---·------__
Linrnl n hrome ---·---·-------·----------------Slender whcatgrass ----------------··-------·
Homesteader brome -------·---·-------------Russian Wildryc -----------------------------______ -·---- ---·------- -------Average

0.50
0.39
0.39
0.20
0.38
0. 1 8
0.38
0.17
0.32

0.67
0.5 1
0.-17
0.38
il.36
0.36
U.35
0.22
0.42

W i th
Alfalfa
T./A.

With Alfalfa and
Russian Wildryc
T./A.

J .39
1.10
0.82
0.6 5
1.10
0.86
0.7-l
0.87
0.94

1 .03
0.93
U.80
0.79
I.I I
U.75
0.61
0.79

1 .33

Table 27. Crested Wheatgrass Variety Test a t Cottonwood, 1954.
Scientific Name

Agropyron
Agropyro11
Agropyron
Agropyro11
Agropyron
Agropyron
Agropyron
A ro ran

cristalttm ----------------·
criJ·ta111m ----------------
cristntum -----------------
descrtorn111
desertoru,n
desertorum
dcscrtom.111
sibriicu m

V:1 ricty

f\ - 1 770
Fairway
Cu1 n 1 1 1crcial
42-1
Neb. I U
Nordan
Syn. 3
P-2 7

Vigor*

2 .5
3.7
2 .2
2.2
2 .i
J .2
2 .2
2 .0

Stand
Percent

Hay
T./A.

77

.78

86

711

90
61
84
64

81

.69
.65
.73

.92
.92

.6 1
.84

• vigor notes o n the b:isis o f 1 -9, I being the most ,·igorous.

erage for all grasses are doubled
when alfalfa is added to the mix
ture. ( 4 ) The addition of a lower
yielding grass such as Russian wild
rye to a mixture reduces the yield.
Crested Wheatgrass Variety Test
A test of crested wheatgrass vari
eties was seeded in 1952 and the
first harvest taken in 1954. This test
indicates that the highest yielding
varieties are Nordan and a strain
from Nebraska called Nebraska 10
( table 27) . Nordan had the best ap
pearance and highest vigor of any
of the varieties tested and it also
possesses a desirable head and seed
type. This variety was developed at
the northern Great Plains Field Sta
tion at Mandan, North Dakota and
released in 1954. Seed is being in
creased in South Dakota for distri
bution to farmers in this State.

Grass Strain Test
A test of various strains of grasses
was planted in 1951 to determine
the yielding ability of these new
types in western South Dakota.
Yields from this test in 1952 and
1954 are shown in table 28.
Highest yielding grass for the 2year average was the intermediate
wheatgrass strain Nebraska 5 0
which yielded a great deal more in
1952 than the other grasses. In 1954,
however, Ree wheatgrass yielded
the highest, perhaps indicating a
better long-term adaptation. The
crested wheatgrass strain South Da
kota Synthetic 3, yielded higher
than any other strain of crested, in
dicating that selection for vigor and
leafiness in the breeding nursery is
reflected in plot yields.
South Dakota bromegrass selec
tions yielded slightly more than the

4()
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Table 28. Hay Yields of Grass Strains in 1 952
a nd 1 954 at Cottonwood
19;2
T./A.

Crested wheatgrass
S-3 1 -3 - 1 ___ _____ ________ .32
A - I 77 0 __________________ . 1 8
Cornmercial ____________ .26
S.D. 68 __________________ .36
S.I). Syn. 3 ____________ .38
Intermediate whcatgrass
Rec -------------------------- .38
S.D. 4 ____________________ .46
Neb. 5 0 __________________ .61
Bromegrass
S.D. 2 ____________________ .49
S. D. 9 __________________ _ .3 7
S.0. 6 ____________________ .44
Lancaster --------------- .37
Homesteader _________ .44

19;4
T./A.

2-Yca,
Average
T./A.

.16
.18
.2 1
.15
.26

.24
.18
.24
. 26
.32

.35
.26
.25

.36
.36
.43

.23
.23
.24
.20
.23

.36
.30
.34
.29
.34

Nebraska variety, Lancaster. In
genera l, the yields of the brome
grasses are above those of crested
wheatgrass and slightly less than in
termediate wheatgrass. From the
standpoint of spring pasture, how
ever, the early growth of the crested
wheatgrass makes is desirable as a
supplemental pasture to range
grasses, which begin spring growth
2 or 3 weeks after the crested wheatgrass.
Figure 13. A large-seeded, winter-hardy
plant from a cross between intermediate
wheatgrass and winter wheat.

\

Grass Breeding
Grass varieties having adaptation
to conditions in western South Dakota are being selected and tested
at Cottonwood. A high-yielding
grass capable of giving early spring
and late fall pasture would be high
ly desirable for the western ranges .
Such a grass must also produce a
high yield of viable seed which will
give stands readily .
Selections of desirable genotypes
have been made from spaced plants
which were started in the green
house at Brookings and then trans
planted into the breeding nurseries
at Cottonwood. In 1951, 1,070
spaced plants of crested wheatgrass
and 1, 150 spaced plants of inter
mediate wheatgrass were trans
planted for observations and selec
tion. In 1952, 460 spaced plants rep
resenting various grass introduc
tions were likewise transplanted.
Four hundred and eighty plants
of advanced selection material of
intermediate wheatgrass and tall
wheatgrass and 250 plants of cross
es between intermediate wheatgrass and tall wheatgrass and 250
plants of crosses between inter
mediate wheatgrass and winter
wheat were transplanted in 1953
and 1954. These plants from the
species crosses were previously se
lected at Brookings in the freezing
chamber for ability to withstand
cold. They possess large seed and
considerable vigor and should pro
vide material for forming a variety
which could be planted at the same
depth as wheat and thereby assure
a stand of grass. A large-seeded
winter hardy plant of this material
is shown in figure 13.

Figure 14. One-, two-, and three-year cuttings of native grass
showing the relative amounts of hay harvested.

Frequency of Cutting of
Native Grass
Experiments were started in
1942 to determine how frequently
native hay should be cut to get
good yields of high quality hay and
yet leave the grassland in good con
dition. There were 18 plots in all,
each plot 2 rods square. The plots
were randomized, one series cut for
hay every season, another every 2
seasons, and a third series harvest
ed once in 3 years. The data ob
tained are shown in table 29.
On a yearly basis, the average
yield was highest from plots har
vested every year. However, on
these plots annual weeds were in
creasing and replacing some of the
native grass. Those plots cut once

in 3 years produced much less hay
and of poorer quality ( figure 14 ) .
To determine the quality of the
hay, protein detern1inations were
made on the hay harvested for 4
years. The protein data are report
ed in table 30.
Table 30. Protein Content of Native Hay, Ac
cording to Frequency of Cutting, Cottonwood,
1949, 195 1 , 1952, 1953
Frequency of Cutting

Each year
Every 2 years
Every 3 years

Table 29. Yields of Native Hay in Relation to
Frequency of Cutting, Cottonwood, 1942-54
Each Year
Lbs.
per Acre

2 Years
Lbs.
per Acre

E\'cry

E,,ery
3 Years
Lbs.
per Acre

1 045

1 653

1819

1 045

826

606

Yields at Harvest ___
Yields on Yearly
Basis --------------------
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Percentage of Protein

8.0
6.8
6.7

Hay obtained from the plots cut
each year had the highest protein
content. The hay from plots cut
once every 3 years contained dead
grass from previous years' growth
and had 6.7 percent protein.
,vhen considering the increased
weed infestation and harvesting
costs in relation to the average
yields and protein content, it ap
pears that harvesting native hay
( largely western wheatgrass) every
2 years is best and aids in the main
tenance of high yields.

HE FmsT HECOHD of tree planting on this S_tation �at_es to 1914. At that
Ttime
about an acre to the north and west of the bmldmgs was planted to
ash, honeylocust, boxelder, Russian-olive, black locust, caragana,

green
and lilac at a 16 by 16 foot spacing. In 1933, a new plantation was started
using American elm, green ash, hackberry, and common buckthorn. By
1937, only a few green ash, half of the Russian-olive, and most of the cara
gana and lilac remained of the two plantings.
In 1942, a new windbreak plant
ing was started north of the build been directed toward re-estahlish
ings. It was divided into three sec ment of trees and shrubs in this por
tions, and the following between tion of the windbreak since then.
row spacings were used : west-8
The Present Site
feet, central-16 feet, east-12 feet.
Additional plantings w e r e also
The windbreak site can probably
made south and west of the build be classed as one of the least favor
ings. The follo,ving species were able sites for tree establishment in
planted: Rocky Mountain juniper, the region. The soil is almost pure
ponderosa pine, Siberian elm, hon clay with a very low organic matter
eylocust, green ash, hackberry, content and has poor internal drain
American elm, skunkbush, choke age. Of the essential nutrients, pot
cherry, Russian-olive, indigobush ash is adequate, nitrogen is very
amorpha, and golden currant.
low, and phosphorus varies from
The winter of 1948-49 caused relatively high in the west section to
serious winter injury, particularly in very low in the central section. In
the central section where most of dry periods the soil cracks badly,
the trees were killed. Efforts have particularly in the slit or trench
42
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planting are requisite to tree estab
lishment success. On heavy soils
with a tight subsoil it might be ad
Adapted Species
visable to turn under a legume crop
On the least favorable sites, as before planting to trees.
represented by the central section,
A ·width of 6 to 10 rows will give
the following species have had sat adequate protection except under
isfactory survivals : skunk bush, in conditions o f severe exposure.
digobush amorpha, Siberian elm Planting more than 10 rows may re
( Chinkota strain ) , and Russian sult in serious loss of leeward rows
olive. On the slightly more favor- · during extended drought periods
able sites as represented by the west since the benefit of drifted snow
section the following species in ad moisture will not be present in
dition to the above have persisted those rows.
satisfactorily : golden currant, car
There is no indication that wide
agana, and green ash.
spacing between rows is beneficial
It is likely that the bulk of wind to tree survival. The 8-foot be
break sites in the region are more tween-row spacing gave the best
favorable, and the planting of the survival and 16-foot spacing the
following species will usually be poorest survival, but soil differences
successful provided the hurdle of probably influenced tree growth as
initial establishment can be over much as the spacing.
come : hackberry, boxelder, cotton
Designing the windbreaks so that
wood ( moist sites only ) , American the best moisture conserving prac
elm, ponderosa pine, eastern red tices are followed is recommended.
cedar, Rocky Mountain juniper, Contour planting where needed
chokecherry, Tatarian honeysuck should be first on the list. If supple
le, and American plum in addition mentmy water such as runoff or
to the others named.
other \.vaste water can be diverted
A year of summer fallow prior to to the site, better growth and sur
planting and clean cultivation after vival will result.
where the tree is planted, resulting
in root breakage and exposure.

Summer Grazing for Calf Production

of South Dakota are among the finest in the Nation. We
T
are justly proud of them, but we have much to learn about managin_g
this great range resource to secure maximum sustained livestock produc
HE GRASSLANDS

tion for ourselves, our children, and our children's children. In 1942, a long
time grazing study was begun at the Cottonwood Range Field Station to
learn more about the effects of different intensities of grazing on the range
and on cow and calf production.
Six comparable summer pastures take" cows that could be added to
have been grazed heavily, moder- or removed from the pasture in or
ately, or lightly from about May 1 der to secure a utilization of 35-50
through December 1 each year. percent under moderate grazing,
Fifty-four high grade Hereford less than 35 percent under light
heifers were purchased in 1952 and grazing, and over 55 percent under
were permanently assigned to three heavy grazing.
rates of summer grazing and to three
It was planned that all of the rec
levels of winter vitamin A supple- ord animals should complete the
mentation. The winter and summer grazing season, even though in dry
treatments were replicated and years this might mean heavier use
balanced.
than desired. The cattle had access
Nine animals were allotted to to iodized salt, a mineral mixture
each summer pasture. Six of these composed of salt and dicalcium
animals were designated as record phosphate ( containing at least 10
animals upon which pasture pro- percent phosphorus ) , and well wa
duction would be based. The other ter. They were bred to two closely
three were designated as "put and related bulls, each of which served
44
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the cows in a heavily, a moderately,
and a lightly grazed pasture.
The calves were weighed at
birth and at monthly intervals until
they were weaned about November
1. The cows were weighed each
month throughout the year. Blood
samples for vitamin A and carotene
analysis were taken three times
during the winter in connection
with the vitamin A supplementation
studies.
Results given in this report are
averages of two replicates. The re
sponse of different pastures to the
same treatment has been very dif
ferent. One of the heavily grazed
pastures continues to produce well,
the other is producing poorly.
Range Forage Studies
Forage production by soil types,
topography, grazing rate, and prin
cipal species has been measured
each year by clipping studies. The
principal species are being ana
lyzed for protein, calcium, and phos
phorus. This information has been
compiled only for 1952 and is not
shown in this report.
The relative coverage of the prin
cipal range plants has been greatly
changed by grazing at different in
tensities since 1942. Range condi
tion estimates made by Leslie R. Al
bee, Range Conservationist, Soil
Conservation Service, i n 1 9 4 2
showed an average range condi
tion1 of 70 percent for pastures
stocked heavily, 72 percent for
those stocked moderately, and 73
percent for those stocked lightly.
The pastures at that time were all in
good condition.
By 1953, the moderately-grazed

pastures were still in good condi
tion with 67 percent of the original
vegetation remaining on the site.
The heavily-grazed pastures had
declined to 36 percent ( fair condi
tion ) , while the lightly-grazed pas
tures had improved to 79 percent
( excellent condition ) . Permanent
line transects are also read periodic
ally to measure longtime changes in
species composition of the range.
Rainfall and Stocking Rates
In 1953, the seasonal rainfall was
slightly below normal, but yearly
precipitation was 3.86 inches above
normal ( table 31 ) . The pastures
were grazed by nine 2-year-old
heifers from May 14 through No
vember 30. However, one heifer
was removed from one of the heav
ily-grazed pastures on September 7
to have enough forage for the other
animals to complete the season.
Table 3 1 . Annual and Seasonal Precipitation
and Evaporation in 1953 and 1 954
1953

Annual precipitation , inches .... 1 8.58
Departure from normal ,
inches .................................... +3.86
Seasonal precipitation, April 1 Sept. 30, inches .................... 1 J .00
Departure from normal,
inches .................................... -.i7
Precipitation-Evaporation ratio
( J une l to Sept. 3 0 ) ........
.16

1954

14 .00
-.72
7 .63
-4 . 1 4
.0 9

A stocking rate of 1 .74, 2.69, or
3.66 acres per animal unit per month
resulted in a utilization of 65, 48,
and 22 percent, respectively, for
heavy, moderate, and light grazing
as measured by visual estimates at
the end of the season.
1 Range condition is defined as 1he percent of vegct:ition
o n :t site which is original (climax) vcget:nion for th:u
_
•a te.
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In 1954 the growing season was
extremely d 1y. Although the total
rainfall for the year was only slight
ly below normal, the April 1 to Sep
tember 30 precipitation was only
65 percent of the longtime average.
Evaporation was higher during
1954 than 1953 but was rather high
in both years. The precipitation
evaporation ratio for the period
from June 1 to September 30 was
.09 in 1954 and . 16 in 1953. The
nearest evaporation station ,,vhere a
longtime average has been estab
lished is at Newell, South Dakota,
where the average precipitation
evaporation ratio for June 1-Sep
tember 30 is .31.
Nine animals were placed o n
each of the pastures at the begin
ning of the season except that eight
were used on one of · the heavily
grazed units. However, because of
low forage production, all of the
"put and take" cows were removed
during the summer.
A stocking rate of 2.03, 3.19, and
4.33 acres for each animal unit per
month permitted the six record ani-

mals in each pasture to complete
the grazing season. However, the
animals in one of the heavily
grazed units were weak and could
not have remained on the pasture
much longer without supplemental
feed.
Cattle Production
Cattle production for 1953 is
shown in table 32. Total gain for
each heifer completing the season
was 132, 131, and 226 pounds; how
ever, gains per acre averaged 16.8
pounds for heavy, 11.5 for moder
ate, and 10.8 for light grazing.
The calf crop born in the spring
of 1954 averaged 67, 76, and 100
percent and the birth weights aver
aged 66, 69, and 75 pounds for
heavy, moderate, and light rates of
grazing, respectively. These are the
results of only 1 year's work and
should be used with caution be
cause the calf crop is dependent
upon many factors and is highly
variable.
Production data for 1954 are
shown in table 33. Average gain per
cow for the season was 32 pounds

Figure 15. A light snow ( about 1 inch ) has covered the heavily-grazed range on the
right but is overtopped by taller vegetation on the lightly-grazed range. Note the cow
chips on the heavily-grazed pasture.
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Table 32. Beef Production Under Heavy, Moderate, and Light Rates of Grazing in 1953May 14 through November 30 (200 days)
Acres gra7c<l --------------------------------------------------------------·--------------------Amount of grazing furnished. animal unit month,• -------------------
Stocking r:ite, animal unit months per acre -------------------------------
Utilization ( visual estimate) , percent-!- ---------------------------------------Range condition, percenrl· -----------·------- _______________ -----------------------Number of heifers completing seasont ---------------------------------------
Average final weight, lbs. -----------------------------------------------------------
A vcrage initial weight, I bs. ---------------------------------------------------------
Average gain per heifer, lbs. --------------------------------------------------------
Total gain per animal unit, lbs.§ ---------------------------------------------------
Total gain per acre, lbs.§ ---------------------------------·---------------------------Calf crop in 1 954, from cows on treatment in 1 953, percent _____ _
Average birth weight of calves in 1 95 4 , lbs. --------------------------------

Heavy

Moderate

Light

1 60

266
99
2.69
48
67

366
J OO
3 .66
22
79
18
812
617
225
27 1
1 0.8
1 00
75

92
1 .74
65
36

17

715
583
132
195
1 6.8
67
66

18

749

618

131
205
1 1 .5
76
69

wo. -; --..
""A 1 000-pound cow is considered lO be one animal u n i 1 . A n i mal units were calculated by the ratio of
lOOOO· -;r;
whcre \V is the average of 8 momhl )' weights taken during the gr:izing sc:1son.
tRangc condition :rnd utilization cstim:ncs were made by Lcsilc R. Albee, Range Conservationist, Soil Co11scrv:uio11
Service.
!One heifer was remo\'ed from one of the heavily-grazed p:isturcs on September 7 to control ULi l iz:nion. Three of
the heifers in the moderately-grazed pastures and three in the heavily -grazed pastures c:"dnd during the srazing
season.
§Calf gains arc included. Gain was calculated for the heifer which was removed on September 7 from the animals
which remained on pasture for the cmire season.

Table 33. Beef Production Under Heavy, Moderate, and Light Rates of Grazing in 1954May 14 through November 25 ( 195 days)
Acres grazed -----------------------------------------------------------------------------------Amount of grazing furnished, animal unit months*-� ________________
Stocking rate, animal unit months per acre ---------------------------------
Uri! ization ( visual estimate) , percent+ -----------------------------------------
Range condition, percent+ ------------------- ---------------------------------------
Number of cows completing the season§ . -------------------------------------
Average final weight, lbs. -------------------------------------------------------------
Average initial weight, lbs. -------------------------------------------------------------
Average gain, lbs. ---------------------------------------------------------------------------Number of calves dropped by cows completing the season _________ _
Average weaning weight of calves, corrected to 1 90-day age, lbs. II
Total cow and calf gains per animal un it, lbs . # --------------·--Total cow and calf gains per acre# --------------------------------------

Heavy

Moderate

Light

1 60
79
2 .03
70
32
12
756
721
32

266
83
3.19
48
61
12
812
721
88
9
320
284
13.7

366
85
4.33
25
76
12
81I
751
R7
12
334
354
1 2 .6

9

304
232
1 7.6

wo.7;:;
•A 1 000-pound cow is considered to be one animal unil. An imal units were calculated by 1he ratio of
10000_ ;J
where W is the :1"erage of 8 momhly weights taken during: the grazing season.
t320 pounds of prairie hay cut after frost in 1953 was feel to the animals 011 c:1ch tre:i1me11t on Oi..:1uber 26 ;ind 27
because of snow co,·er.
!Util ization and range condition estimates were made by Leslie R . Albee, Range Conservationist, Soil Conscrv:itiun
Scn·ice.
§ 1 8 :i.ninuls were stancd on each 1re:i.tmcnt except that 17 were started on the heavily -grazed pastures. Because
of the very dry summer, all animals except Lhc record animals were removed in mid-summer.
lJThe weaning wcighls were corrected to a standard 190-day age wilh corrcc 1 ion fanors developed at Co11011wood
in previous years by Dinkel and Johnson.
#The tOlal gain of the cows and c:tlves completing the season was used to calculate p:i.sturc:: production on the
basis of the total number of animal unit months of gr:1zing furnished.
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on heavy, 88 pounds on moderate,
and 87 pounds on light grazing. Ev
e1y cow on the lightly grazed pas
tures was suckling a calf.
Average weaning weight of the
calves, corrected to a standard age
of 190 days, was 304, 320, and 334
pounds for heavy, moderate, and
light rates of grazing. It should be
remembered that these were calves
from 3-year-old first calf heifers in a
very dry season.
Total cow and calf gains per ani
mal unit grazed was proportional to
the grazing rate, 232, 284, and 354
pounds for heavy, moderate, and
light. However, the total gains to
the acre were higher under heavy
use, 17.6, 13.7, and 12.6 pounds for
heavy, moderate, and light rates of
grazing. Gains per acre should be
used with caution because they do
not tell of range deterioration,
value per pound of salable animals,
or greater wintering costs.
Blood Studies
At the close of the grazing season
in both 1953 and 1954, the vitamin
A and carotene content of the blood
plasma of cattle from the lightly
grazed pastures was much higher
than in the blood plasma of those
from heavily or moderately grazed
pastures ( table 34 ) .
I n 1954, the vitamin A i n the plas
ma of the animals from the lightly

grazed pastures averaged 52.8
micrograms to 100 milliliters of plas
ma as compared to 24.0 micrograms
in the animals on the heavily grazed
pastures. The carotene plasma
values were nearly five times as high
for animals grazed lightly as for ani
mals grazed heavily. However,
neither production data nor blood
data have suggested a deficiency of
vitamin A during this trial, even on
the heavily-grazed pastures.
The higher plasma values for
carotene and vitamin A on the
lightly-grazed pastures were prob
ably due to the larger proportion of
cool season grasses. These grasses
make fall growth when moisture is
plentiful and so extend the green
feed season.
In the fall of 1954, 3.76 inches of
rain was received in October and
November and temperature was
favorable for the germination of
Japanese bromegrass, an annual
and an undesirable plant on the
range. In late November, this in
vader was about 1 inch high and
very abundant on the lightly-grazed
pastures, but was rather infrequent
on the heavily and moderately
grazed units. This difference in
abundance was probably due to
the fact that most of the plants were
consumed on the more heavily
stocked units and, consequently,
there was a limited seed supply.

Table 34. Vitamin A and Carotene of the Blood Plasma of Cows on Heavy, Moderate,
and Light Rates of Grazing in 1953 and 1 954
Vitamin A in the plasma Nov. 30, 1 95 3 (mcg. per 100 ml.) -----------Vitamin A in the plasma Nov. 26, 1 95 -l (mcg. per 1 00 ml.) -----------Carotene in the plasma Nov. 30, 1953 (mcg. per 1 00 ml.) ---------------Carotene in the plasma Nov. 26, 1954 (mcg. per 1 00 ml.) ___

Heavy

Moderate

Light

20.6
2 5 .0
62.6
1 13.5

1 8. 6
27.5
5 6.8
1 33.2

2 7.3
5 2.8
1 34.7
539.8
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Vitam in A Supp lementation
for Ran ge Cows
Vitamin A is an essential nutrient
for all animals. Carotene in the for
age is converted to vitamin A by the
animal. Carotene values of our
range grasses are quite high early in
the growing season but decline to
very low levels in the winter.
Cattle are able to store enough
vitamin A while carotene consump
tion is high to carry them over sev
eral months of low carotene intake.
Several workers have reported vita
min A deficiency in range cattle
while others have been unable to
produce a deficiency under normal
range conditions.

The Plan

A series of trials was begun in tl1e
winter of 1952-53 to compare the
longtime production of beef cows
winter-grazed on the range and
supplemented with 0, 1,000, or
3,000 U.S.P. units of vitamin A for
each 100 pounds of body weight.
The first level of supplementation
corresponds to the total daily
amount recommended by the Na0
tional Research Council to prevent
gross clinical symptoms of vitamin
A deficiency. The second level cor
responds to the amount recom
mended to provide for reproductive
needs and moderate storage.
Fifty-four high grade Hereford
yearling heifers were bought in
1952 and were permanently allotted
to three rates of summer grazing
and to three levels of winter vitamin
A supplementation. In allotting
these animals, vitamin A and caro-

tene plasma values, weight, and
condition were considered.
Winter and summer treatments
were replicated and balanced ,vith
respect to each other. These heifers
were winter-grazed on six compara
ble range pastures which are de
ferred each year for winter grazing
and are in excellent condition. The
cattle were rotated from pasture to
pasture every 2 weeks to compen
sate for pasture differences. They
were each fed daily 1 pound of a 38
percent protein supplement, con
taining added phosphorus and one
of three levels of vitamin A, from
about December 1 to May 1.
When grazing was impractical
during storms or because of snow
cover, late-cut prairie hay was fed
in amounts that the cattle would
Figure 16. Typical vegetation on one
a�ea of the winter range.
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clean up readily. This hay was cut
after frost so it would be more like
the forage on the ,vinter range.
The cattle had access to iodized
salt and well water. They were
weighed monthly and blood sam
ples were taken three times each
winter and analyzed for plasma vit
amin A, carotene, and phophorus.
The cattle grazed from about May 1
to December 1 each year on heavy,
moderate, or light rates of grazing
and were bred on pasture to two
closely related bulls.
Results
No symptoms of vitamin A de
ficiency have been observed in any
of the cows or calves during the 2
years of this study.
The fall and early winter of 1952
were very dry. Only 1.64 inches of
precipitation were received from
August 1 to January 1, 1953. How
ever, the cattle were unable to
graze for 27 days because of snow
cover during February and early

March. During this period they
were fed an average of 14.6 pounds
of hay per head daily containing
6.20 milligrams of carotene to the
pound. This hay was of rather poor
quality and the carotene content
was low, but when fed in this
amount, it supplied more than
enough carotene to meet the re
quirements of the cattle in all lots.
Effects of the different levels of
vitamin A supplementation were
thus partially obscured. However,
an analysis of variance showed the
differences between lot means of
plasma vitamin A to be highly sig
nificant. The terminal levels of vita
min A in the plasma of those heifers
receiving no vitamin A supplement
were very near to values considered
borderline for reproduction b y
some workers.
Plasma phosphorus values were
high in all lots, reflecting an ade
quate phosphorus intake. The plas
ma phosphorus appeared to be in
versely related to plasma carotene

Fig1ue 17. One of the range cows in the squeeze chute ready for a blood
sample to be taken from the juglar vein.
· ·- ---

-···
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Figure 18. Cows on winter range finishing their daily protein supplement.

( r = -0.265 based on 161 observa
tions ) but was unrelated to plasma
vitamin A ( r = -0.098 based on 161
observations ) .
The fall of 1953 was very favor
able. In October 1.98 inches of rain
was received at the Station and
warm days during November pro
duced some growth of cool season
grasses and germination of some
annual plants such as Japanese
bromegrass.
The winter of 1953-54 was mild.
Hay was fed for only 3 days during
the winter. Carotene and vitamin A
content of the blood plasma re
mained well above levels consid
ered to be borderline. Both caro
tene and vitamin A content of the
plasma of animals in all lots in
creased from November 30 to Janu
ary 18, indicating a source of caro
tene in the range forage. Plasma
levels of both of these nutrients de
creased by March 18, but the means
for each lot were still near the No-

vember 30 level ( see table 34 ) .
No differences attributable to
feeding different levels of vitamin
A in the supplement were observed
in the calf crop, birth weights,
weaning weights, or in the general
well-being of cows or calves.
The winter pastures grazed by
these cattle are in an excellent con
dition and they contain a large per
centage of cool season grasses and
some browse plants which would
not be present on ranges in lower
condition. Range condition on the
summer range also has a bearing on
the vitamin A nutrition of the ani
mal. On November 26, 1954, the
vitamin A content of the plasma of
cows from summer ranges in fair
( heavily grazed ) , good ( modrately
grazed ) , and excellent ( lightly
grazed ) condition averaged 25.0,
27.5, and 52.8 micrograms per 100
milliliters and the plasma carotene
averaged 113.5, 133.2, and 539.8
micrograms per 100 milliliters.
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Hay Quality and Protein Su pple1nentation
Quality of roughage should be
given considerable attention in a
cattle and sheep feeding program.
The value of high-quality roughage
with a high protein content has
been emphasized for a long time
and successful stockmen fully real
ize its importance.
Recently a number of experi
ments have been conducted to de
termine the feeding value and best
ways of utilizing so called "low
quality roughages." These low
quality roughages may be crop resi
dues such as corn stalks and corn
cobs or grass that has matured be
fore harvesting or has undergone
severe weather damage. One thing
in common with these feeds is a low
protein content.
Prairie hay makes up a major pait
of the harvested feeds fed to cattle
and sheep in many areas of South
Dakota. A large number of animals
also are grazed most of the winter
on the matured and weathered
standing grass.
Previous work conducted at the
Cottonwood, Eureka, and High
more Stations and at Brookings has
shown that this prairie hay or grass
varies from over 10 to less than 4
percent total protein. Stage of ma
turity when harvested was found to
have a big effect on the protein con
tent. A considerable reduction in
protein content and feeding value
was found with advancing matur
ity of the hay before harvest.
The large acreage of hay to be
harvested and work pressure from
other sources, such as small grain

harvest, usually results in hay crops
varying widely in cutting dates. The
protein content of the hays also will
vary quite widely.
A common practice is to feed a
protein supplement at the same rate
with high and low protein hays.
This method of feeding does not
take advantage of the value of pro
ducing high quality roughage. It
will also result in underfeeding
with a low quality roughage.
Supplementing Hay Based Upon
Its Protein Content
In the fall of 1950, feeding trials
were designed to determine the
performance of calves wintered on
hay cut at three stages of mah1rity
when each cutting was supplement
ed with soybean meal pellets to give
an equal amount of protein in all ra
tions. A level of 10 percent total
protein was selected as a desirable
amount. Satisfactory and fairly uni
form gains were obtained at this
level and it was used throughout
the 3 years of this study ( 1950-53 ) .
The three stages of maturity se
lected for harvesting were heading
( early ) , seed ripe ( medium ) , and
mature and weathered ( late and
after frost ) . . The early-cut hay was
usually harvested during the first
half of July, medium-cut hay dur
ing the latter part of August, and
the late-cut hay during late Septem
ber or early October.
Both steer and heifer calves from
the Experiment Station breeding
herd were used in the three trials.
They were placed on the experi-

Progress

i11

53

Agric11!111ral Researcb

ment from 2 to 3 weeks following
weaning. When the experiment be
gan, the calves were fed all the hay
they would eat without undue wast
age and enough soybean meal pel
lets to give 10 percent protein in the
total ration. Salt and bone meal
were fed free choice. Well water
was provided in tanks in the lots.
The calves were housed in sheds
open to the south. Both pellets and
hay were fed twice daily.
Results of the Tests
A summary of three trials con
ducted at the Range Field Station
at Cottonwood is shown in table 35.
Protein content of the hays var
ied somewhat between years, but
the early-cut was highest and the
late-cut lowest each year. The aver
age values shown in table 35 are
slightly lower than protein contents
often found for the hay cut at ap
proximately these stages.
When each hay was supplement
ed with enough soybean meal pel
lets to give about 10 percent protein
in the ration, the rate of gain over

the 3-year period was about the
same for the three lots. The rate of
feeding was expected to give aver
age daily gains of 0.75 to 1.0 pound.
This gain is satisfactory for winter
ing calves in a thrifty and healthy
condition. The average gain for the
calves in the various lots ranged
from 0.84 to 0.87 pound daily.
The differences in the rate of
gains between the three lots are
small and of no practical signifi
cance. Calves in lot 1 ate a little
more hay and had a higher hay re
quirement for 100 pounds of gain.
The most important differences are
in the amounts of protein supple
ment fed daily and supplement re
quired for 100 pounds of gain.
Feeding in the manner used in
t h i s experiment required 1 8 3
pounds of supplement with each
ton of early-cut hay. The medium
cut hay required 262 pounds of sup
plement to the ton and the late 346
pounds. Using a price of 5 cents a
pound for the protein supplement,
the cost of supplement for each ton

Table 3 5 . Feeding Results with Hay Cut at Three Stages and Supplemented with Soybean Meal
Pellets to Give Rations Containing Approximately 10 Percent Total
Protein (Average of 3 Years, 1950-53)
Early-Cut
Hay

Total number of calv.es ---------------------------------------
25
Average number of days fed ------------------------------ 1 07
Average initial weight, lbs. ----------------------------------- 35 1
Average gain per calf, lbs. ----------------------------------- 1 1 8
0.84
Average daily gain, lbs. ---------------------------------------
Average daily ration, lbs.
1 2 .-l
Hay -------------------------------------------------------------------1 . 1 -l
Soybean meal pellets ---------------------------------------
Feed per I 00 lbs. gain, lbs.
Hay ------------------------------------------------·------------------- 1 473
Soybean meal pellets --------------------------------------- 1 35
7.14
Average protein content of hays, percent ____________
Supplement fed per ton of hay, lbs. -------------------- 1 83

Mediu m-Cut
Hay

Late-Cut
Hay

25
107
352
1 23
0.87

26
1 07
350
1 20
0.86

1 2 .2
J .60

1 2.0
2 .08

1 396
I R3
5 . 40
262

1 397
2 -12
4.18
346
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of early-cut hay was $9.15, medium
$13. 10, and late $17.30.
Results show the importance of
harvesting hay early to obtain its
greatest feeding value. By doing
this more protein is obtained from
the hay and the need for protein

supplements is reduced. The results
also show the need for considering
the protein content of the hay and
supplementing accordingly. In this
way the most economical and ef
ficient use can be made of both hay
and supplement.

Figure 19. Calf sheds at the Range Field Station.

designed to study the improvement that can be
E
made in '\Jeef cattle through breeding has been carried on at the Cot
tonwood Range Field Station since 1943. In recent years the work has con
XPERIMENTAL WORK

sisted of a 20-cow inbred line and the development of the purebred heifer
calves froin all lines in the project.
The remainder of the lines have that all bull and heifer replace
been carrie� at' jt he Antelope Range ments for each line must come from
Field Station and Reed Ranch Sub calves produced within that line.
station. Since the performance of The outbred herd has been carried
one line does not mean much with as a control witl1 the use of bulls unout other lines with which to make related to the cow herd. However,
comparisons, the results presented this herd has been maintained at
will deal with all lines presently in Reed Ranch where selenium poi
breeding project at these stations. soning or "alkali disease" is a prob
lem. Effects of this poisoning have
Objectives
been so severe that it is doubtful if
The two main objectives of the the results obtained can be used in
project are to study methods of se the comparison of outbreeding ver
lection for the improvement of beef sus inbreeding. It appears likely
cattle and to study the effects of in that this herd plus the t\.vo inbred
breeding and of subsequent cross lines carried at the Reed Ranch will
ing of inbred lines. Nine inbred have to be dropped from the breed
lines and one outbred herd are ing program due to the masking ef
fects of the selenium.
being maintained at present.
The inbred lines are closed to This research is coopcr:n i"e w it h the Nonh Central
St:nc Regional NC - I Beef Breeding ProjcCl :md the
outside breeding, which means
USDA.
55
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A letter designation has been giv
en the lines, and these together
with the station where they are
maintained and the performance of
the 1953 calf crop are presented in
table 36. The outbred control herd
mentioned is line F at the Reed
Ranch. All the other lines are closed
to outside breeding and the calves
from them reported in this table are
all inbred except those in line P at
Antelope Range. This line has only
recently been closed and no close
matings have been made as yet.
Records and Management
All calves are ear tagged, tat
tooed, and weighed at birth. They
are carried through to weaning
without supplemental o r creep
feeding. They are weaned during
the last week of October, and, at
this time, they are weighed and
scored for type and condition.
Bull calves are trucked to Brook
ings where, after a 2-week condi
tioning period, they are started on

the 196-day record of performance
trial. Each calf is self-fed individu
ally a ration composed of 35 per
cent oats, 30 percent com, 30 per
cent brome-alfalfa hay, and 5 per
cent lineseed oil meal. Monthly
weight and feed consumption rec
ords are maintained.
The object of this trial is to keep
the environment as uniform as pos
sible for all calves so differences
found in rate and efficiency of gain
and type score will be more likely to
represent differences in the calves'
inherited abilities.
At the end of the 196-day period
the calves are again scored for both
type and condition and the data are
summarized individually for rate
and efficiency of gain. Selections of
bulls to go back into the lines are
made at this time. At present selec
tions are based on weaning weight,
rate of gain, and final type score.
After weaning the heifer calves
are moved to Cottonwood where
they are wintered on a ration calcu-

Figure 20. Heifer calves on winter phase of record of performance test at
Cottonwood Range Field Station.

,-- ·-
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lated to produce from a pound to a
pound and a half daily gain. This
ration has usually been ,5 pounds
oats, l pound 40 percent calf pel
lets, and prairie hay free-choice.
Heifers are weighed and type
scored in the spring when they are
put on pasture without supplement
al feeding. They are weighed and
type scored again in the fall at ap
proximately 18 months of age when
selected heifers are returned to the
home ranch to go into the breeding
herds. Selections are based upon
weaning weight, 18-month weight,
and Rnal type score.
Table 36 gives the averages for
the 1953 calf crop by lines for some
of the characteristics measured. In
the case of weaning weights, adjust
ments have been made for differ
ences in age at weaning, sex, and
age of dam.
'"'eights presented are adjusted
to the basis or a 190-day-old bull
calf, from a 6-year-old dam. All
other data presented are unadjusted
except the 18-month weights of the
Table
All Cal\'CS

s·:i•ion
Co11,1nwcial

Line

"
.I

: \ n t c lnpc

R:111gc

Heed R:tnch

(}

]'

l)�I
T
ii

Tr
M

F

ing

\Vcan -

(Lbs.)

Type

Weight ing*

Post -\\'can i n g Performance

459
·�76
438
4(,4

425
390

363
374
367

Daily

Hull C;ilvcs

Rate
of Gain
(Lbs.)

2.58 (6)t

396

3 + 2.22
2.i9
3
2.1,0
2.66
3
3- 2.76
.1 +

:;+

Line Differences
Since weaning :veights are not
comparable between ranches, the
lines at Antelope Range offer the
best opportunity to see the differ
ences among the bloodlines.
Weaning weights. There is a
range of 86 pounds between the
lowest and highest average wean
ing weight. That this is not pure

36. Performance of 1953 Calf Crop

\Vcan i n g Data
\Vean-

heifer calves which are adjusted to
a common age of 550 days.
Since rainfall and other environ
mental factors such as the selenium
content of the range vary so much
between these ranches, comparisons
of lines at different stations are not
valid for the weaning data. The
post-weaning performance is a little
more comparable since the bulls
are fed out together in Brookings,
and the heifers are all carried in one
group through the winter and next
summer. How much the pre-wean
ing differences carry over and af
fect post-weaning performance is
not known.

(5)

(3)

(4)
(4)
(3)

2.57 ( I )
2.61 (4)

Heifer Cal\'CS

Lbs.
Fced/100 Final* I S - Month Final*
Lbs. Gain Type Weight (Lbs.) Type

h25
(141

656

(1(14

68 1
614

697

626

.,

.13 -!-

2

;t

-·Sire
Daily
\\'caning Rate
\\'eight of Cain Type
(Lbs.) (Lbs.) Score

788 ( 4 ) t

2-

4(,9

2.85

705
774
740
757
742
678

3-

399
407

2.36
3.16

3-!-

488
4.13
359

2. 9 ·1
2.65

(I)
(4)
(6)
( 1 0)
(5)
(2)

682 (3)
618 (2)

722 ( 2 )

3
2-

23+

11

401
440

1.8i

2.33

2.i8

222

2
.1 +
2
3+

"'Method of Scoring-I+. I, 1-: Of su it:tblc lypc for show prospect; 2+, 2, 2-: Of sui1:tblc type for use in
purebred herds; 3+, 3, 3-: Average good r:rngc bul l ; 4+, 4, 4-: An im:ds of this grade :trc not recommended
for USC.
tFigurcs in p:trcnthcscs indi(atc number of :mimals in group.
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chance is indicated by the 1954
weaning data where the same two
lines are again high and low, and
the difference in this year was 95
pounds. The other lines fell in about
the same relative position with
only a slight shifting of position of
two of the closer lines. Even larger
differences have been found be
tween individual calves. At the
Antelope Range Station in 1953
weaning weights ranged from 316
to 558 pounds after adjustment for
age, age of dam, and sex.
Research has shown that about
one-fourth of the individual diffe1:
ences in weaning weight are inher
ited. This means that if the bulls
'and heifers, selected to be parents
of the next geheration, averaged
440 pounds at "veaning and they
were selected from a calf crop av
eraging 400 pounds, then one
fourth of the difference of 40
pounds would be transmitted to
their offspring. That is, the offspring
of these selected parents would be
expected to average 410 pounds.

This is only an expected average
and would vary somewhat even if
the environment could be kept con
stant from year to year.
The data indicate sufficient vari
ability i s present i n weaning
weights to allow a breeder to make
progress in improving this charac
teristic through selection. Progress
may be slow in that the differential
of 40 pounds used in the example
may not be obtainable in every herd,
and, in that case, the progress may
only be of the order of 5 pounds per
generation. This 5-pound increase
will apply only to the offspring of
the select parents.
Since the whole cow herd is not
replaced at one time, many of the
calves will have at least one parent
e i t h e r unselected on weaning
weight or one or more generations
back in the selection program de
pending upon how long selection
has been practiced. Even so, once
this 5 pounds is gained it is like a
brick in a wall under construction,
another 5 pounds can be placed

Figure 21. Cattle corrals and working chute at the Range Field Station. The
corner of the scale house can be seen to the left.
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upon it by selection the following from other stations indicate that
these hereditary di fferences may be
generation.
Type. Thus far in this work dif as high as one-half or two-thirds.
ences in type or conformation have Although data are lacking to estab
not been large at weaning time. In lish this more definitely, even the
dividual differences are naturally lower figure would indicate that
greater than are the line averages progress can be made in selecting
indicated in table 36. Type scores at for faster gaining cattle.
later ages indicate more variability.
Efficiency of gain. Efficiency of
The bull calves are scored at about gain or feed per hundred pounds of
14 to 15 months of age and the aver gain has proven to be subject to
ages of these scores are indicated in variations due to differences in
the table as final type. The final weight at the start of the perform
type score of the heifers is taken at ance test. vVork is under way to de
about 18 months of age. These data termine what adjustments must be
indicate that about one-tenth of the made so the efficiency of gain mea
individual differences in type score sured will reflect the inherited
are due to inheritance.
capacity of the animal rather than
Rate of gain. Average daily gain reflect his size. Little can be said
of the bull calves for the 196-day about line differenees or the degree
performance test are indicated in to which individual differences are
table ,36 as rate of gain. The number inherited until this is done.
Test on range. The performance
in parentheses following the gain
indicates the number of calves fed test for growing ability of the heif
out from each line. vVith the excep ers is carried out on the range. Since
tion of the A line, the differences the cow herds are maintained under
are not large. No doubt some of this range conditions, the select heifers
can be explained in that the sires of from this test should be better
these calves have been selected in adapted.
Performance test i s sometimes
part for their gaining ability, and
the differences between the sires thought to mean a feed-lot test,
are not large. More variation be while actually it should imply that
tween sire groups has been found in the animals being tested are car
previous years when all sires repre ried under environmental condi
sented had not been selected on tions as near alike for all animals as
their own rate of gain. Individual is possible and at a level of nutri
variation in rate of gain from calf to tion that will allow the individual
to express its inherited abilities.
calf has been considerable.
The approximately 170 bulls test
The heifer's fall weight off grass
ed in this project have ranged from as a yearling is used as a selection
1.7 to 3.2 pounds a day with an av factor comparable to rate of gain in
erage of 2.4 pounds a day. Analyses the feed-lot for bulls. As was point
of these data indicate that about ed out previously the heifers are
one-third of these individual differ carried in the same lot during the
ences are due to heredity. Reports first winter and in the same pasture
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during the following summer. The
number of heifers and their aver
age weight adjusted for age differ
ences are given for each line in ta
ble 36 under 18-month weight. How
much of these rather large differ
ences are true line differences is
hard to estimate with only 1 year's
data, since some of the averages are
based on so few animals.
Sire differences. Analysis of sim
ilar weights on llO heifers taken the
4 preceding years indicated highly
significant differences between the
12 sires represented. Averages for
the progeny of these sires, both tm
adjusted and adjusted for year dif
ferences and differences in age at
weighing, are presented in table 37.

It is realized that this small sam
ple of bulls cannot be considered as
typical of all beef bulls. More data
from many more such sire groups
are needed. That this is true is indi
cated by the fact that in these data
about 90 percent of individual dif
ferences in the 18-month weight
are due to heredity. Theoretically
this is not impossible, but on a prac
tical bases it is improbable. Com
pared to estimates obtained for
other classes of livestock and other
characteristics in beef cattle this
estimate seems too high.

Lines of breeding. Differences in
performance of these lines are simi
lar to those found among inbred
lines of other types of livestock. One
line
may be low in one respect but
Table 37. Average 18-Month Range Weights
high in others. Another may compli
of Heifer Progeny
ment the £rst, being high where it
Actual Weight
Adjusted \Veight*
Rank
Sire No.
Rank
A veragc
Average
is low and low where it is high.
It is rather rare to find a line that
2 1 9 --·-··-------- 684
7
734
l
2
1 0 1 ·------------- 728
3
728
excels in all characteristics, but
3
696
J S ------------- 690
5
usually there will be some that ex
022 -----·-------- 75 1
690
1
4
5
679
10
04 -------------- 663
ceed the others when all factors are
6
673
4 0 1 -------------- 738
2
averaged
together. For example, if
668
7
-------------9
8
670
future
research
supports the differ
8
6
65 1
60 1 -------------- 687
646
9
26 -------------- 622
II
ences shown in table 36, the O and
10
635
4
1 3 ------------- 7 1 3
PiVI lines appear to exceed the oth
635
10
8
2 3 -------------- 67 1
ers when weaning weight, rate of
595
12
II
522
402
gain, 18-month weight, and £nal
-' Acljus1ccl for yc:ir differences :md differences in age at
weighing.
type are considered. The O line is
The extreme advantage of the low in final type but makes up for
high over the low group is 139 this in weaning weight, rate of gain,
pounds, with an average advantage and 18-month weight. The PM line
of the top ll bulls of 80 pounds. The is much better in final type but is
pocketbook of a commercial pro lower in the other respects.
ducer selling yearlings could be
If selection improves weaning
affected considerably by whether he weights of the N and T lines in spite
used a bull similar to number 402 or of the depression usually brought
whether he used any one of the oth about by inbreeding, these could
also become over-all good lines. For
er bulls.
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Figure 22. Part of the Cottonwood N line at calving time.

the producer who feeds his calves,
the T line might actually be better
suited than the others in that the
feed-lot performance and final type
score are very good.
The same things that were said
for the N and T lines might well fit
the P line also. However, as was
pointed out before, these calves are
not inbred and the line's perform
ance might be quite different once
close matings are made. Results of
these outbred matings do, however,
show promise for the P line.
Thus far the A line has shown
good pe1fom1ance to weaning, but
little can be said for it past that
point. A commercial breeder with
cattle of this kind might make a
good sale by selling calves at wean
ing, but his prospects for repeat
customers would be slim. In this
year the H line has little to recom
mend it also. Outbred calves from
this line have shown excellent feed-

lot performance but exceptionally
poor range performance.
Of the lines at the Reed Ranch
the Tr line is the only one likely to
be continued, and this will depend
upon whether or not a bull of satis
factory type and feed-lot perform
ance is in the next calf crop.
Future work. Future work in this
project will be aimed at ( 1 ) obtain
ing more data in the areas indicated
as needing further study; ( 2 ) ob
taining more information on the in
ter-relationships of the selection
characteristics, that is whether se
lection for one will automatically
decrease or increase another; ( 3 )
comparing selection and inbreeding
as methods of improving beef cat
tle; ( 4 ) continuing the inbreeding
to higher levels; ( 5 ) comparing
crosses of the inbred lines; and ( 6 )
comparing performance of bulls
from the lines with bulls in use in
commercial herds in the State.

20 by 40 feet was erected in 1951 at the Range Field
A Station. The north
wall is built of rammed earth blocks coated with
POULTHY HOUSE

stucco. The remainder of the building is of frame construction. The shed
roof slopes to the north and there is a door at each end of the building.
The floor is of concrete. Partitions
divide the house into four pens, alike so that any differences in per
each 10 by 20 feet in size. Each pen formance would be attributed to
is equipped with a dropping pit, differences in breeding behind the
nests, feeders, and waterers. Since birds. A 20 percent protein mash
rural electric power became avail- and whole grain are fed free-choice
able in 1953, lights and a time clock in troughs. Water and oyster shells
are supplied and, since 1953, mornswitch have been installed.
Laying house performance of ing lights have been used from Oc
chickens produced by different tober to April to provide about a
breeding methods has been tested 13 to 14 hour "working day." All
each year. The pullets are hatched pullets are debeaked as a protection
and grown at the Brookings Station against cannibalism. No culling is
and are delivered to the Range done, since removal of non-laying
Field Station on or before October birds would obscure some of the
l. The test period covers 11 months, differences being measured. Broody
which allows 1 month for disposing birds are placed in a coop for 4 or 5
of the old birds, cleaning and disin- days and are then returned to their
fecting the house, and bringing in pens. All birds are confined to the
house for the period of the test.
the new groups of pullets.
The following records are kept :
Each pen is started with 55 pullets. All pens are fed and managed daily egg production by pens, egg
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weight, mortality, bo<ly weight, and
number of broody periods.
Can "Ve Improve Poultry
Breeding Methods?
Interest in newer poultry breed
ing methods has been spurred by
the possibility that crossbreeding or
hybridization might offer more rap
id progress than ,,v as being made
through family selection. Commer
cial poultry stocks have o_fte� been
criticized for their lack of umform
ly good pe1formance.
In recent years the production of
crossbred and hybrid chickens has
increased rapidly. Some agencies
have developed inbred lines by sev
eral generations of foll brother
sister matings, coupled with rigid
selection. These inbred stocks may
then be combined in two-, three-, or
four-way combinations to produce
commercial chicks. Such chickens
are commonly called "hybrids."
,vhen inbred males are mated to
non-inbred females, the resulting
offspring are often called "topcross
es." If males produced by crossing
two inbred lines are mated to non
inbred females, the resulting chicks
are referred to as "single-cross top
crosses." ,vhen several inbred lines
are available, the number of differ
ent combinations that may be
worked out is large.
Experience to date indicates that
not all inbred lines or combinations
of them give improved results.
Some lines may combine ·well with
some stocks but poorly with others.
Hesults of combinations may vary
depending upon whether a certain
line is used as the male or as the fe
male parent stock. ,ve cannot pre-
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diet accurately just how a certain
combination of stocks will perform
unless it has been tried. Trial mat
ings and laying house tests are
needed to provide information on
performance.
Results of three years are avail
able comparing the performance of
purebreds, crossbreds, topcrosses,
single-cross topcrosses, and 4-way
crosses. It seems evident that many
of the crosses have performed bet
ter than most of the purebreds test
ed. However, some crosses of non
inbred stocks seem to do well in
comparison w i t h combinations
composed entirely, or partly, of in
bred stocks.
Information in table 38 shows
that wide variation may occur be
tween different lines vvith respect to
egg production, mortality, a n cl
broodiness. Valid comparisons may
be made only within a given year
since weather conditions, use of

Figure 23. The north wall of this poultry
house is built of rammed earth and coated
with stucco ( left edge of picture ) . The
remainder of the building is frame construction.
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lights, and other environmental fac
tors varied from year to year.
Further tests are planned to de
termine the most effective way to
develop and utilize hybrid vigor in
poultry. It is not yet possible to de
scribe the chicken of the future. Hy
brids seem to be increasing in pop-

ulari ty, but the better purebreds
presently available will furnish stiff
competition. If a considerable part
of our laying chickens are to be hy
brids and crossbreds, it will be use
ful to know how to develop birds
that produce efficiently and profit
ably.

Table 3 8 . Laying House Performance of Pullets Produced by Different Breeding Methods
1 9 5 1 -52

Topcross
White Rock x
New Hampshire

Egg production (Per hen housed)
J 16
l'erccnt mortality .................................. 1 8
Av. egg wt. (Oz. per doz.) ................ 2 7
Adult body wt. (lbs.) ........................
5.4
No. broody periods .............................. 3 -1
1952-53

4 -Way Cross
( 1 1 x 4) x
( N2 x I )

Egg production (Per h e n housed) . .
1 03
Percent mortality .................................. 2 5
A v . egg wt. (Oz. per doz.) ................ 2 5
5 .1
Adul t body w t . ( lbs.) ..........................
N o . broody periods ......................
28
1953-54

Crossbred

Station

Station

New 1-lampshirc

White Leghorn

108
20
2 -1
5.3
-1

1 25
16
23
3 .5
0

Commercial
\Vhitc Leghorn

6-1
69
25
3.6
3
Single Cross
Topcross

Topcross
'White Rock x
,vhite Leghorn

1 09
20
27
4.4
31

4 -\Vay Cross
Crossbred
(N2 x I) x Rhode Island Red x
)
(11 x 4
Barred Plymouth Rock

101
33
24
5.1
21

133
15
25
5.3
42

Single Cross

Single Cross

Topcross

Topcross

l!a. Plymou1h Rocks x (I x 1 1 ) x White
(11 x I) x
(I x 1 1 ) x
\Vh i tc Plymouth Rock Plymouth Rock New Hampshire New Hampshire

Egg production ( Per hen houseJ) -----· 1 5 6
Percent mortality -----·--·······--------------·--·· 2 0
Av. egg wt. (Oz. per doz.) ·--------------- 2 6
6.9
Ad u l t body wt. (lbs.) ·--·······---------------No. broody periods ·------------------------------- 2 8

144
16
26
5.6
20

131
29

25

5.5
17

1 53
,J S

25

6.0

23

Wind Electric Trials

AGIUCULTURAL ENGINEERING Department carried on a study of indi
T
vidual farm light plants from 1947 to 1950. Two gasoline engine driven,
110-volt plants were installed at Brookings and placed on daily loads that
HE

simulated the routine loads of a farm consuming current at the rate of 150180 kilowatt-hours per month. A wind-electric plant was also tested on a
similar load for a I-year period at the Experiment Station at Brookings.
The wind - electric plant was
moved to the Range Field Station in the automatic gasoline engine-driv
the fall of 1948 and records were en, non-battery plants produce elec
kept on the plant 2 years as it sup- tricity at 24 cents a kilowatt-hour.
plied the Station homes with elec- At that time the average farm cost
tric current. The plant carried a from rural electric service was 3)f
load of 150 kilowatt-hours per cents a kilowatt-hour. Lines had not
month. vVind conditions proved penetrated into territory less dense
more satisfactory at Cottonwood ly populated than one farm per
than at Brookings; seldom would a mile of high line. ( This was the av
calm period last long enough to pre- erage for the whole cooperative
vent satisfactory recharging of the electric association.)
batteries.
It was calculated, at that time,
Costs of both types of individual that central station service might be
farm light plants were reported in able to extend lines into ranch terri
Experiment Station bulletin 402 tory where there was only one farm
"Electric Light and Power Systems every 3 miles of high line. In more
for the Farm," 1950. The wind-elec- sparsely populated areas, it was cal
tric plant would produce the cur- culated that individual farm plants
rent for 7)f to lO)f cents a kilowatt- would be the most feasible. Bulletin
hour. Although very dependable, 402 reports these studies in detail.
65
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An Experimental Disposal Sys te1n
system was installed to serve the dwelling at the Range
A
Field Station in 1948. ( Later a second dwelling "vas also connected to
the tank. ) This tank was built of concrete silo staves, as described in Exper
SEPTIC TANK

iment Station circular 99 "New Construction Methods for Septic Tanks and
Cisterns," 1953.
No particular problems occurred gravel fill on the driveway has
in constructing the tank, but dispos cured this problem to date.
al of the effluent from the tank was
Freezing was eliminated by hav
difficult, clue to the impervious na ing the outlet discharge into a per
ture of the soil. It was decided to forated oil drum which was insulat
use an open outlet, allowing the ef ed with straw, but the odors contin
fluent to discharge on the ground ued to be objectionable. In the sum
surface, which sloped away from mer of 1952, in an attempt to rem
the farmstead.
edy this, the lower or outer encl of
As originally installed, a sewer the tile trench was dug about 2)4
tile line from the septic tank ran feet deeper than the original trench
southerly to an open outlet about and 2 feet wide and carried out far
240 feet from the house. Two prob ther so that it drained to the sur
lems arose with this open outlet face. A line of 4-inch field tile was
freezing in the winter and bad laid in this trench. The upper 60
odors in the summer. Freezing of feet of it was backfilled to a depth of
the tile line also occurred where it 2 feet with crushed stone of a size
passed under the driveway at a range between one-fourth and
depth of about 2 feet. Additional three-fourths of an inch. On top of

Figure 24. Constructing septic tank of
concrete silo staves, which are readily
available.

this crushed stone a tile line con
necting to the septic tank outlet was
laid on the approxjmate grade of the
original tile. This line was sloped
about 3 feet in 100 feet.
This upper tile line was surround
ed ·with gravel, then back-filled
with soil. The lower end of it was
closed and covered with soil. This
installation is shown in figure 25.
The purpose of this arrangement
was to provide some measure of
aeration and filtration of the effiu
ent as it percolates from the upper

tile line and through the crushed
stone to the lower tile. Eventually it
enters the lower tile line and is car
ried to the surface outlet. Although
this is not a very complete method
of treatment, it has eliminated the
odor problem. Such a septic tank
bed, like any other disposal bed,
should not be installed near a well
or water source, especially in loca
tions of porous soils.
In an attempt to reduce the clan
ger of the outlet freezing, crushed
stone was piled over and beyond
the outlet. No freezing has been re
ported.
In some locations there may not
be enough fall to obtain a satisfac
tory outlet for the 10\,ver tile. In such
a case the lower tile could discharge
.into a concrete sump, with an auto
matic sump pump to raise tl1e effiu
ent to the surface. Protection from
freezing would be necessary.
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Figure 25. Cross-section of a double tile
with gravel fill to improve the septic ac
tion and permeability of heavy clay soil.
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